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Abstract 
Both adult and immature stages of H.pluvia/is were studied in Argyll, West of 
Scotland. from 1982 to 1985. The larvae inhabit uncultivated meadowland in 
areas of high adult activity. Distribution is restricted to the top 15cm soil. 
Extraction of the larvae was achieved using a drying unit, based on the 
Berlese-Tuligren funnel. 661 larvae were expelled over a two year period. 
Larval numbers peaked in November of each year when densities of 22.6 and 
22.9 larvae/m 2  were observed. The numbers then declined toa low of 1.7 and 
1.4 larvae/m 2. The developmental stages of field caught larvae were 
determined using Cameron's (1934) application of' Dyar's Law (1890). The 
results suggests/that the species is at least partially semi- voltine, diapausing 
in the 4th or 5th larval stage in the first summer. The selective advantages for 
a summer diapause are discussed. H.p/uvia/is was found from July to late Ji 
August. Two trapping methods, the Manitoba trap (Thorsteinson 1958) and 
adhesive traps, were used to sample the fly. Consequent experimentation 
showed that the adhesive trap was significantly more efficient that the 
Manitoba. Variously coloured adhesive traps were compared: red, blue, grey 
and white were the most attractive. It was believed that the level of attraction 
depended on the traps' visual contrast with the background. 
Adult feeding and the structure of the mouthparts are dscribed. The ovarian 
development, from feeding to oviposition, is recorded. The whole process was 
completed in 10-11 days (at 20±3 0 C). Using these measurements, the 
developmental stage of field caught H.p/uvia/is was determined. All dissected 
field-caught females were in a dormant Stage It state of ovarian development 
(Christophers 1911, Mer 1936). No nullipars were caught; the fly was therefore 
said to be obligatory autogenous. 
The hovering and mating characteristics of the male are described. Resting 
males and females were found in an uncultivated meadow. The females were 
nulliparous and contained sperm. The females oviposited a mean of 66±17 
eggs per egg mass, their incubation period ranged from 8-12 days depending 
on temperature. 
The host-seeking activity of H.pluvialis is a diurnal occurrence, usually taking 
.place in an open area. Peaks of activity were observed between 14.00 and 
16.00 hours. Daily activity was correlated with meteorological factors. 
Temperature, illumination and wind speed were highly significant. Humidity 
was less significant. The results were used to explain the fluctuations in the 
seasonal distribution of H.p/uvia//s 
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Various names have been given to Tabanidae (Diptera), such as burret flies, 
gad flies, whame flies, breeze flies, deer flies, stouts and horse flies. In the 
West of Scotland, the most frequent tabanid, Haematopota pluvia/is (Linne), is 
known as the common cleg. 
Tabanids are swift and, in general, day flying insects. The larger species, 
such as Tabanus sudet/cus announce their approach with a buzzing sound and 
invariably cause distress in the potential host. The smaller species, which 
include the common cleg, are remarkable for the quietness with which they 
alight on their victims, the sharp prick of the bite is often the first sign of their 
presence. 
The female tabanids are the blood feeders, equipped with biting 
mouthparts.. The effect of the bite varies with individual victims, sometimes 
little discomfort is felt after the initial puncture, but in other cases, severe 
irritation is experienced for several days. 
The family is not of serious medical or veterinary significance in the United 
Kingdom, although the non-pathogenic Trypanosoma the/len has been isolated 
from the adult female stages of H.pluvia/is (Wells 1972). Other tabanids, 
however, are known to transmit certain diseases in other parts of the world 
and are among the many mechanical vectors of such diseases as anthrax and 
anaplasmosis which may infect man. Only three pathogens, however, are 
especially associated with tabanid vectors. The trypanosome Tevansi is 
primarily a blood-parasite of camels, which may also infect horses, dogs, 
cattle and domestic buffalo, causing the disease surra This disease is often 
fatal, and consequently may be responsible for serious economic losses in 
these domestic animals from Africa to Asia. Tularaemia is a disease, 
sometimes fatal, and widespread in North America and Europe, caused by the 
bacterium Pasteurella tu/arensis It is a disease of rodents and rabbits and is 
transmitted mechanically by horse-flies, especially the deer fly Chrysops 
disca/is (Smith 1973). Perhaps the longest known direct involvement of 
tabanids with human disease has been the part played by species of Chrysops 
in the transmission of the human filarial infection, loiasis, in the Cameroons 
and adjacent parts of the West African equatorial rain forest. This association 
prompted a series of intense studies in that area from the late forties 
onwards. Gordon et aL (1950) demonstrated the complete development of Loa 
be in Chrysops silacea and C.dim/diata, but no development in the Tetanus 
species. 
Elsewhere in Africa, interest in tabanids, has arisen as a result of 
investigations originally directed against other established disease vectors 
such as tsetse flies and mosquitoes. 
Morris and Morris (1949) designed the Morris trap (See Section 2.3) to 
sample Gloss/na palpa//s.and G.tach/no/des as part of a tsetse research 
programme on the transmission of trypanosomiasis. In the course of that work 
in Liberia, some information was gained about the West African tabanids 
attracted to the traps. Morris traps could be used continuously, and the results 
provided a complete picture of the seasonal abundance of several tabanids; for 
most of these the period of greatest abundance was May to August. Later 
investigators concentrated their efforts on controlling the fly by trapping using 
various attractants (Glasgow and Duffy 1961, Steelman et at 1968, Vale and 
Phelps 1974, Okiwelu 1977, Vale and Hargrove 1979). 
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One of the most productive sources of information about tabanids in Africa 
has been the studies on the mosquito transmission of jungle yellow fever in 
Uganda (Haddow et at 1950, Haddow 1952). In this work, collections were 
made using man and monkey baits at different heights from ground to canopy 
level. In the course of this investigation, Diptera other than mosquitoes were 
observed and collected. Predominant amongst these were tabanids of the 
genus C/iiysops similar species to those which had been incriminated as 
vectors of loiasis in man. They found that C.centur/onis was mostly collected 
at canopy level, with very few at ground level, suggesting that arboreal 
animals were the preferred host (Haddow and Corbet 1960). 
Horse flies are well known biting pests of both man and domestic stock in 
the United States and Canada, where they can be efficient vectors of 
anaplasmosis, anthrax, hog cholera virus, trypanosomiasis and swamp fever 
(Allan 1984, Foil et at 1984). Consequently, they have long been studied on 
their own account and not, as in Africa, incidentally in the course of other 
biting insect studies. The methods used by Tashiro and Schwardt (1949) to 
collect tabanids from Central New York closely resembled the ox-bait catches 
for tsetse, with tabanids being hand netted off tethered cattle. Their results 
gave an indication of the seasonal occurrence of these flies. By the mid sixties 
the Manitoba trap, designed by Thorsteinson (1958), and the Malaise trap 
(Townes 1962) were considered the best methods for the capture of tabanids. 
Since then the main body of research has been concerned with comparing the 
performance of these and other techniques under a variety of conditions (See 
Section 2.3). 
The larval and adult biology of Haematopota pluvia/is in Britain has been 
examined by only two authors, with others mentioning the species in passing. 
Eli 
Cameron (1934) noted that none of the one hundred plus species of European 
Tabanidae, of which there are fourteen hundred world wide (as of 1934), had 
been investigated with any degree of detail. It was his intention to supply 
information on one of these species. He states "Because of its relative 
abundance from June to August in the rural districts of Scotland, the common 
cleg, Haematopota pluvia/is (Linne), was the species chosen. The interest of 
this choice was considerably increased by the realisation that the biology of 
no species of Haemaropota had previously been submitted to careful 
examination either in Europe or elsewhere." 
Cameron (1934) described the life history and the structure of the larva and 
pupa from 18 laboratory reared H.p/uv/a/is previously captured in the field. No 
attempt was made, however, to examine the ecology of the species. 
Burgess et at (1978,1979) reported that the adult cleg caused considerable 
nuisance and discomfort to local residents, visitors, staff and soldiers on the 
Castlemartin Army training area near Pembroke in Wales. As a result, they 
attempted to control the fly by firstly locating their breeding sites and 
immature stages, and then trapping the adults using adhesive panels. They 
were also successful in determining the likely substrate for oviposition. Since 
they captured 41,700 H.p/uvia/is over a two year period, they stated that "The 
results presented show that this method [adhesive panels] is undoubtedly 
successful in reducing the numbers of female Haematopota pluvia/is" However, 
a few general statements were made without any apparent evidence to justify 
their inclusion in the text. For example, (a) "In the natural environment the 
ratio of male to female H.pluv/a/is is about 1:9", (b) "Since each fly caught 
could have laid about 100 eggs, many of which would develop into adults by 
the following summer" and (c) "it is assumed that female H.p/uvia/is require a 
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blood-meal before ovipositing". It was clearly obvious that more detailed work 
was required on this species. 
The aim of this study has been to clarify, correct and expand upon the 
work of Cameron (1934) and Burgess et al (1978,1979) on the life history and 
ecology of the common cleg. 
Particular attention has been paid to a study of larval ecology, including 
habitat, development and seasonal abundance; to various sampling techniques 
and their relative effectiveness in the collection of adult H.pluv/a//s and to 
mapping the ovarian development of the female in order to determine the age 
structure of all sampled populations, and thereby determine whether the flies 
were autogenous or anautogenous. Furthermore, meteorological factors have 
been monitored to correlate environmental conditions with the host-seeking 
activity of the adult female, together with the flies dail' activity and seasonal 
abundance. 
The results enable comparison to be made of perhaps the most common, 
widespread, and widely known of the Tabanidae in Britain, with those species 




2.1. The adult of H.pluvialis 
The horse flies of the British Isles and, therefore, the adult cleg 
Haematopota p/uv/a/i.5 have been fully described in the Handbook for the 
Identification of British Insects, Volume 9, Part 4, and published by the RoyaJ 
Entomological Society of London. Here it is only necessary to remark upon the 
great variation of the size of this species. Specimens captured in the West of 
Scotland included individuals which ranged from 8 to 13mm in length. Plate 1 
and 2 are illustrations of the two sexes of H.p/uvia//s 
Tabanids are easily recognised by their large heads and prominent eyes. 
The latter are sometimes banded with brightly coloured, iridescent green, red 
and/or purple markings and are undoubtedly the most striking feature of the 
common cleg. 
H.pluvia/is has mottled wings and differs in this respect from the other 
genera of British tabanids, ie. Cfl,ysops. Hybomitra and Tabanu& It is 
distinguishable from the closely related Haematopota crass/corn/s by the four 
transverse markings in the discal cell of the wing which, in H.crassicorn/s are 
fused to form a V. 
I 
Plate 1 Haematopota p/u v/a/is (9) 
Plate 2 Haematopota p/u via//s (d') 
0 	 1 
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2.2. Site 
The field work was conducted in the west of Scotland (Map 1), in and 
around the village of Dalavich, Argyll, on the banks of Loch Awe. 
Dalavich (56 0 15'N,5 0 17'W) is the Forestry Commission centre for the nearby 
holiday chalets and for the lnverinan forest. A single track road, running 
through the village and alongside the loch, links Taynuilt to Lochgilphead. To 
the west of this road, and away from the loch, spruce pine forms the 
predominant vegetation. Towards the loch the vegetation is more varied with 
oak, birch and spruce interspersed with grassed and marshy areas. 
Map 2 is a detailed map of the area indicating the position of the 
experimental sites. 
( 
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2.3. Sampling techniques 
2.3.1. Introduction 
Information about insect populations is sought for a variety of purposes 
and, in most cases, will depend on the ability to sample the insect species in 
question. As a consequence, there has been a wealth of published material on 
sampling techniques, designs and their modifications. 
Sampling methods have been used to determine many aspects of the 
population dynamics of biting flies, particularly Glossinidae and Tabanidae. 
Townes (1962) modified a standard design to compare populations from one 
locality to another. Thompson (1969) estimated the population size and 
seasonality of New Jersey tabanids and Tallamy et al (1976) determined the 
seasonal range, diversity, and distribution of 50 tabanid species from that same 
region. 
There are many reports in the literature concerning the population study of 
tsetse flies. For example, Smith and Rennison (1961), Saunders (1964), Rogers 
and Randolph (1978) and, in particular, Vale (1974,1979,1980). In all cases, their 
work necessarily depended upon effective collecting methods. 
In this study, H.p/uv/a/is was trapped to determine seasonal and daily 
activity. The design of the various traps are discussed below. 
2.3.2. Types of trap for the collection of tabanids 
Manitoba trap 
Thorsteinson (1958) noted that when a motor vehicle stopped in an 
infested area on a warm, sunny, midsummer day, horse flies entered the open 
windows. He suggested that "as a vehicle cab tends to accumulate heat .and 
becomes appreciably warmer than the outside air and there is no other 
hypothesis, it must be assumed that the warmth within the vehicle somehow 
exerts an attractive influence on horse flies in the vicinity". He designed and 
developed a trap that exploited this attraction of heat to tabanids. The effect 
was obtained by the application of the greenhouse principle, whereby a black 
body enclosed within a transparent cover allowed the entry of solar radiation 
but impeded the escape of thermal energy. The trap was so designed that, 
once under the trap the insects were led by positive phototaxis to a no-return 
chamber in the roof. The essential features of the design are shown in Figure 
1. A simplified modification of the Manitoba trap, allowing for greater 
practicability, was proposed by Thorsteinson et al (1965). In more recent years, 
less expensive versions have been described by Catts (1970) and Adkins et al 
(1972). 
The Manitoba trap has been used in numerous population studies. For 
example, Thompson (1972) used them to determine the diversity of tabanid 
populations in New Jersey.' Thomas (1972) collected Canadian tabanids for age 
structuring, whilst Raymond (1977) compared the number of European horse 
flies caught at various heights in the Alps. The trap was also found to attract 
other dipteran species. Ball (1983) used the Manitoba to compare the number 
of flies caught in traps with those caught from cattle in Northern England. 
Malaise !L2 
The Malaise trap is a tent like structure of polythene or netting. It is an 
unperceived obstacle, interupting the flight pattern of tabanids accidently 
encountering it. Positive phototropism encourages the fly to wander upwards 
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when trying to escape, leading it eventually into the collecting apparatus at 
the top (Figure 1). Townes (1962) described a design for the Malaise trap, 
enhancing its portability 
Interception traps of this type, which do not rely on any visual 
attractiveness, were favoured by many workers involved in tabanid population 
studies. The seasonal occurrence and relative abundance of the flies in Alberta, 
Canada, was determined by Thomas (1970), and Tallamy et at (1976) measured 
the seasonal range, distribution and niche of tabanids in New Jersey. Roberts 
(1971,1972,1975,1977), in particular, seemed to favour this means of trapping 
for the collection of Tabanidae and also Culicidae 
Morris t ra p 
The Morris trap, or animal trap, was designed by Morris and Morris (1949) 
for collecting tsetse in West Africa. The essential features of the trap were the 
cylindrical shape of the body, covered in hessian, which, with the resulting 
highlights and shadows on the upper and lower surfaces, gave the trap the 
appearance of an animals trunk (Figure 1). The flies alighted on the trap, 
moved towards the belly, and entered the body through a slit-like entrance. 
Subsequent removal of the flies was achieved through sleeves in the side of 
the trap. 
The Morris trap has been used primarily for sampling tsetse flies for 
population (Smith and Rennison, 1961) and diversity studies (Glasgow and 
Duffy, 1961). 
Morris (1963) discovered, in the course of an investigation on sleeping 
sickness in Liberia, that the Morris trap was effective in sampling a number of 
species 	of tabanids. 	Later, 	Thompson 	(1969) 	used the 	trap to 	analyse 
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Figure 1 Traps used for sampling tabanids 
1. Manitoba trap 
metre J 
2. Malaise trap 
3. Morris trap 
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populations of Tabanus quinquevittatus near horses in New Jersey. 
Adhesive trap 
Wilson et at (1966) examined the feasibility of sampling tabanids using 
cylindrical sticky traps, which were intended to simulate cows. In 1968, Wilson 
used these traps to reduce tabanid attack on a herd of cattle over a period of 
two months. Snoddy et at (1970) used adhesive coated helium balloons as a 
means of control in outdoor recreational areas of Georgia, whilst Dale and 
Axtell (1976) were able to measure the horizontal distribution and abundance 
of the salt marsh tabanids, Tnigrovittatu.5 Chrysops atlanticus and 
C.fu/iginosus In Wales, Burgess et at (1979) used adhesive panels to "control" 
H.p/uvia/is Their results, they state "show that this method is undoubtedly 
successful in reducing the numbers of female Haematopota pluvia// which are 
attracted to the panels instead of biting man". 
Electrified trap 
In 1974, Vale e,axamined the feasibility of using electrified netting around a 
stationary or mobile bait (usually an ox) to attract and capture Gloss/na 
morsitans morsitans and G.pal/idipes The advantage of this method over the 
more conventional traps was that most of the flies attracted were caught. 
Many flies attracted to the Morris trap, for example, would fail to enter or be 
retained by the trap. As a consequence, electrified netting encircling a bait 
animal was used by Vale and Phelps (1974) to study tsetse fly attraction, by 
Rogers and Randolph (1978) to capture G.pa/pa/is pa/pa/is and G.tachino/des in 
Northern Nigeria and by Hargrove and Vale (1980) to examine the seasonal 
activity of G.morsitans morsitans and G.pa/lidipes in Zimbabwe. 
In recent years, Ball et at (pers comm. 1982)-produced a modified version 
13 
of the electric trap which was used by Waage (pers comm, 1982) for tabanid 
behavioural studies in the Camargue. 
Other trapping methods 
Emergence traps, in theory, permit the capture of newly emerged horse 
flies, but in practise, they are considered to be an inefficient means of 
sampling. Nielsen (1971) set 700 traps and collected only 2 adult Hydrotaea 
irritans (Muscidae) over a variety of habitats, whilst Knudsen (1968) recovered 
23 C/i'ysops disca/is from 188 traps during the 1966 season. Nevertheless 
Rockel and Hansens (1970) managed to determine an approximate 50:50 sex 
ratio for four species of tabanid in a season where 409 flies were caught from 
38 traps on a New Jersey salt marsh. 
Population studies on biting insects, particulaly tsetse flies, have often 
employed "fly boys" to hand-net flies attracted to a bait animal or to 
themselves (for example, Smith and Rennison 1961a, 1961b; Rogers and 
Randolph 1978; and Glasgow and Duffy 1961). In tabanid studies, hand nets 
were used by Thompson (1969) and Tallamy et at (1976). 
Steelman et at (1968) designed a trap for sampling flies in flight. They 
constructed a collapsible trap which could be attached to a truck or boat and, 
when travelling at low speeds, collected anything in its path whether on land 
or water. 
2.3.3. Use of attractants 
(a) CO2 
Wilson and Tugwell (1978) suggested that CO 2 was an important stimulus 
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in host detection by female tabanids. Beforehand, Wilson (1968) had attempted 
to control the flies using sticky traps baited with dry ice and succeeded in 
reducing the numbers biting a "protected" herd of cattle. In later years, 
workers compared the efficiency of CO 2-baited traps with non-baited traps, 
Wilson and Richardson (1970) noted that the ratio of tabanids ranged from 2:1 
to 3:1, whilst Anderson at a! (1974) recorded results of 57:1. Roberts 
(1971,1972) showed that CO2 released at a rate of between 1000mI and 
3500ml/hr would attract flies, but rates greater than 4000ml/hr would act as a 
repellent (Roberts 1975). In 1977, he compared three different types of trap 
with and without CO2, and in all cases, the baited trap 
I
was more effective than 
the Pon-baited trap. He suggested that the CO2 attracted flies into the 
immediate area, with the visual stimulus directing the fly to the host. Raymond 
(1977) caught increased numbers of Haematopota p/uvia/1s Tabanus 
macu//corn/s and Tquatuorratatus with traps baited with CO2, but observed no 
increase in the catch of T.brom/us He suggested that, for the latter, the visual 
bait was more necessary to the efficiency of the trap than the chemical bait. 
(b) Chemicals 
CO2 exhaled from a host will attract many tabanids and tsetse flies (Vale 
and Phelps 1974). In 1980, Vale discovered that acetone, a component of 
animal breath, resulted in a sixfold increase in the catches of Gloss/na 
mors/tans mors/tans Later, Vale and Hall (1985) showed that a mixture of 002, 
acetone and 1-octen-3-ol (octenol) would increase by up to sixty times the 
catch of G.m.mors/taos and G.pa//idipes on a visual trap. Previously, Vale (1979) 
had found that human body odour depressed by up to 80% the number of 
G.mors/tans morsitans and G.pallid/pes attracted to ox odour. Lactic acid, 
which was shown to occur on human skin, produced a similar result, and when 
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sprayed on an ox reduced by about 50% the proportion of host- seeking flies. 
Duke (1955b) discovered a six fold increase in the number of Chrysops 
si/acea released at canopy level and attracted to ground level in the presence 
of a wood-fire. He was unable, however, to determine the factor(s) stimulating 
the attraction. 
(c) Colour 
Colour was shown to alter the effectiveness of a trap utilising a visual 
stimulus (Bracken at at 1962, Snoddy et at 1970, Berlyn 1978, Burgess. et at 
1979). Thus, in this investigation, a study was made to examine the 
attractiveness of various colours for the collection of H.p/uv/a//s this is 
discussed in Section 2.3.6. 
2.3.4. Sampling Hpluvialis in the field 
Introduction 
The standard method for collecting Tabanidae has been the Manitoba trap 
designed by Thorsteinson (1958), and used effectively by Thompson (1969), 
Thomas (1970,1972), Hughes et at (1981) and Auroi (1982). It was employed in 
this study to provide live intact females for feeding and rearing. 
In 1968, Knudsen compared the efficiency of traps for the collection of 
tabanids. He found that a Malaise trap caught 39 flies, compared with 8777 
flies on a sticky trap . Furthermore, he described sticky traps as economical, 
easily maintained and capable of continuous operation. After sampling more 
than 10,000 flies over a period of 10 days, Burgess at at (1979) recommended 
the use of grey, non- drying adhesive traps for the collection of H.p/uvialis 
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For these reasons, it was decided to operate adhesive traps, together with 
the Manitobas, for daily and seasonal activity (See Section 2.9 and 2.10) and 
for determining the age structure of the captured population (See Section 2.6). 
Flies required alive for other studies were caught, using upturned containers, 
as they attempted to feed on ponies and on human volunteers (See Section 
2.4,2.5 and 2.6). 
Twelve emergence traps were erected in 1984 in areas known to contain 
H.p/uvia/is larvae (See Chapter 4), but their use was discontinued when no flies 
were caught in the first two months of the season. 
Traps 
Two Manitoba traps, shown in Plate 3, were provided by Dr. R.N.Titchener, 
of the West of Scotland Agricultural College. 
24 adhesive traps were constructed, employing the basic design of Burgess 
et at (1979), in the following manner. Two 1m 2 plywood panels were painted 
dark grey (Merlin, British Standard Specification 18-B-25), and mounted, at 
right angles, to a 2.5m central post. The bottom of the panels were 1.5m from 
the ground. The base of the post was tapered to allow for easy erection (See 
Plate 5). A non-drying adhesive was produced, following the method 
suggested by the Materials Quality Assurance Directorate (M.O.D., Stores 
Section, Royal Arsenal East, London). The ingredients, Oppanol B3 and Oppanol 
B15, were supplied by B.A.S.F., Cheadle. 690g of Oppanol B15 were added to 
1600g of Oppanol B3, and made up to 5 litres with white spirit. The mix was 
mechanically stirred for two weeks until all solids had dissolved. Once the 
panels were erected, a thin coat of the adhesive was applied with a paint 
brush, leaving a 2cm space along the top of the panel to allow for perching 
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birds. 
Importance of siting 
Morris and Morris (1949) stated that "for successful trapping correct siting 
is of paramount importance ... so important is the question of siting that an 
inferior type of trap placed in a good position may consistently catch more 
flies than a trap with superior catching power but in a poor site. So exacting is 
the question of siting that identical traps can be placed in what appear to be 
equally good positions in the same feeding ground, perhaps only a dozen 
yards apart, yet one will make catches four or five times as high as the other". 
It is essential therefore, to have some knowledge of the habits of a species 
under observation and, when comparing traps, to analyse the variance caused 
by siting. 
It has been stated by Thorsteinson (1958) that "Tabanid flies display an 
exceptionally strong tendency to orientate to, and congregate in enclosures 
which accumulate heat during daylight". In 1965, Thorsteinson et at, noted that 
the location of. Manitoba traps was also important with respect to wind 
exposure. They found that a trap located in a clearing in the woods captured 
ten times as many tabanids as a similar trap in an area exposed to winds. 
With these facts in mind, great care was taken in the siting of Manitoba 
and adhesive traps for the capture of H.p/uv/a/is 
Siting of traps 
Adhesive traps were erected so that the panels were orientated towards 
the south-west and the south-east, allowing for maximum illumination 
throughout the day. These traps were employed to analyse the age structure 
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of the fly population, to determine daily and seasonal activity, and to compare 
catches in an "open" site and in a "closed"site. Their siting and the subsequent 
results and discussion are considered in Sections 2.6, 2.9 and 2.10. 
In the 1983 season, the two Manitoba traps were erected to monitor 
seasonal variation and to provide intact flies for feeding and rearing. The traps 
were sited in an open area in which fly activity was known to be high (Map 2 
- Manitoba). The area was surrounded on three sides by spruce and birch, 
with the fourth side open to the village and the loch. Each trap was at least 
20m from vegetation over - lm high (See Plate 3). Flies collected in the 
no-return chambers were removed daily. 
Results 
Results from the adhesive panels are considered in Section 2.9 and 2.10. 
Over a period of four days, from 10th July to 13th July 1983, the two 
Manitoba traps sampled 55 adult females of H.p/uvia/is (27.5/trap), compared 
with 3140 H.pluvia//s caught on adhesive panels (262/trap). 
The large difference may have been due to the siting of the traps, or 
perhaps to differences in the traps themselves. To determine the reason(s) for 
the discrepancy, it was decided to compare the relative efficiency of the 
adhesive trap and the Manitoba trap during the 1984 season. 
2.3.5. Relative efficiency of Manitoba traps and adhesive panels 
The results in the previous section appeared to show that the adhesive 
traps were collecting more H.p/wi/a/is than the Manitoba trap. The following 
work describes a comparative field test between an adhesive trap and three 
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variants of the Manitoba trap. 
Method 
The investigation was conducted in an open area of one hectare 
surrounded on three sides by oak, silver birch and long grass, and with Loch 
Awe to the east (See Map 2 - Comparison Site). 
Four types of trap were used in the study. 
1: Manitoba trap (Thorsteinson at at 1965), consisting of a black bail (0.75m 
diameter), suspended below a 3m high transparent plastic canopy, leading to a 
no-return chamber (Plate 3). 
Manitoba trap with an adhesive ball as target. 
Manitoba trap with a pair of adhesive panels replacing the large black 
bail as target (Plate 4) 
An adhesive trap (Burgess at at 1979) (Plate 5) 
To avoid positional interference between them, the four traps were 
relocated every few days between three • points so, at the completion of the 
study, each trap had neighboured every other trap in all positions. 
The study began on the 27th June 1984 and incorporated fifteen time 
periods of 2-4 days before its completion on the 15th August 1984. The traps 
were placed at three points equidistant along a 15m diagonal line in the open 
area between the loch and the oak trees. At the end of each time period all 
H.p/uvia/is were removed and the traps re-aligned. 
A "standard" population was determined using 12 additional adhesive traps 
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situated 500m from the study site. These traps were cleared daily of all 
Tabanidae, noting the number of H.pluv/a//s 
Results 
The whole study occupied fifteen time periods of two to four days, 
between the 27th June and 15th August 1984. The numbers caught are 
recorded in Table 1 
The analysis of the results is complicated by the fact that H.p/uvia/is 
activity is influenced by meteorological conditions (See Section 2.9). Therefore 
the 16 clegs captured by trap 4 between the 12th and the 15th July are not 
comparable with the 44 clegs caught by the same trap between the 22nd and 
the 24th July. However, the division of the observed catch by numbers taken 
from a "standard" population and expressed as a percentage was used to 
produce comparable results suitable for use in an analysis of variance. 
The "standard" populations were calculated by assessing the number of 
clegs caught, in each time period, on twelve additional adhesive traps used in 
a separate seasonal survey of fly incidence. Fifteen such "standard" 
populations were calculated (Table 2). In doing so it is assumed that there was 
no change in the size of the fly population within each time period. 
The numbers of H.p/uvial/s caught expressed as percentages of the 
"standard" population, were examined with a two-way analysis of variance, 
thus allowing for period variation in local climatic difference between the site 
of the four traps and the site where the "standard" population was determined. 
The missing observations in Table 2 were given a zero weighting with the 
results recorded in Table 3. It can be seen that the difference between periods 
are significant, although only to the P>0.05 level. More interestingly, the 
Plate 3 Manitoba trap 
	
Plate 4 Manitoba trao with adhesive panels as target 
Tj 
* 
Plate 5 Adhesive panels, orientated to allow for maximum illumination 
I . 
1' 	•,_ 
Table 1 The numbers of female 	H.p/uv/a//s caught, in 	four traps, over a 	two 
month period during the summer of 1984 
Date 	 Trap 
1 	 2 	3 	4 
	
27 June - 1 July 	 8 	 4 	28 
1 July - 3 July 	13 	 8 	10 
3 July - 5 July 	 1 	 l 	3 
5 July - 8 July 	 29 	 2 	96 
8 July - 10 July 	12 	 8 	0 
10 July - 12 July 	 7 	 3 	23 
12 July - 15 July 	 5 	 6 	 16 
15 July - 22 July 	 29 	14 	55 
22 July - 24 July 	 27 	13 	 44 
24 July - 26 July 	 8 	3 	 20 
26 July - 29 July 	 4 	 2 	18 
29 July - 31 July 	 4 	 2 	 8 
3l July - 7Aug 	 0 	 3 	 2 
7Aug - 9Aug 	 0 	1 	 2 
9Aug -l5Aug 	 1 	 0 	 3 
1: Manitoba trap with a large black ball as target; 2: Manitoba 
trap with an adhesive black ball as target; 3: Manitoba trap with 
a pair of adhesive panels replacing the large black ball as target; 
4: Sticky trap with two grey adhesive panels. 
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Table 2 The numbersof female H.p/uv/a//s caught expressed as a percentage of 
a "standard" population obtained by summing the total catch. from twelve 
independent adhesive panels placed 500m from the study site (See text) 
Date 	Calculated "standard" 	Trap catch expressed as a 
population for each 	percentage of "standard" 
time period 	 population 
1* 	2 	3 	4 
27 June - 	 1 July 208 3.8 1.9 13.5 
1 July - 	 3 July 308 4.2 2.6 3.2 
3 July - 	 5 July 872 0.1 3.6 0.3 
5 July - 	 8 July 1342 2.2 0.1 7.2 
8 July - 10 July 598 2.0 1.3 0.0 
10 July - 12 July 203 3.4 1.5 11.3 
12 July - 15 July 114 4.4 5.3 140 
15 July - 22 July 932 3.1 1.5 5.9 
22 July - 24 July 560 4.8 2.3 7.8 
24 July - 26 July 491 1.6 0.6 4.1 
26 July - 29 July 241 1.6 0.8 7.5 
29 July - 31 July 70 5.7 2.9 11.4 
31 July - 	 7 Aug 39 0.0 7.7 5.1 
7 Aug - 	 9 Aug 30 0.0 3.3 6.7 
9 Aug 	- 15 Aug 29 3.4 0.0 10.3 
n 	 12 11 1.1 1.1 
X 	 3.0 2.8 1.7 9.1 
* See footnote Table 1. 
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difference between the traps account for the largest component of variation 
and are overwhelmingly significant on a F test (P<0.001). 
Inspection of the trap means in Table 2 suggests that it is only trap 4 that 
is significantly different from the others, the three Manitoba traps giving very 
similar results. This is confirmed with an analysis of variance in which the trap 
factor has only two levels. One for the three variations of the Manitoba traps 
and the other for the adhesive trap. The non-significant reduction in residual 
sum of squares between Table 4 and Table 3 shows that there are no 
significant differences between the three Manitoba. 
(F=((1 10.5-108.6)/(29-27))/4.00.24) 
Discussion Examination of the results using the analysis of variance clearly 
indicates that the adhesive trap was more efficient than the Manitoba trap for 
the collection of H.p/uv/a//s In addition, it has been shown that there was no 
difference between the standard Manitoba, the Manitoba trap with an adhesive 
black ball and the Manitoba trap with adhesive panels, which were equally 
attractive to H.p/uvia//s It was suggested that the three Manitoba traps offered 
similar contrasts with the green background, but that the plastic canopy of the 
Manitoba type of trap adversely affected the numbers caught. This hypothesis 
was based on the observations of Burgess et at (1979), that white panels. 
attracted fewer Tabanidae than grey panels. Therefore, since the plastic 
canopies of the Manitoba traps used in the present investigation appeared 
white from a distance, especially when wet, they may have reduced the 
number of clegs approaching the traps, despite the fact that the targets (black 
balls or grey panels) were considered equivalent. 
The choice of Manitoba or adhesive panel as a trapping method may, 
however, depend on requirements. For example, the former allows collection of 
Table 3 A two-way analysis of variance from the data in Table 2 
Source of 	Sum of 	Degrees of 	Mean 	F 
Variation 	Squares 	Freedom 	Square 
Periods 	158.0 	14 	 1l.2 	2.8 * 
Traps given 
periods 	320.2 	 3 	 106.7 	28.6 
Residual 	108.6 	 27 	 4.0 




Table 4 Analysis of variance in which the trap factor has only two levels. One 
for the three' variations of the Manitoba trap and the other for the adhesive 
trap 
Source of 	Sum of 	 Degrees of 
Variation 	Squares 	 Freedom 
Periods 	 158.0 	 14 
Traps given 
periods 	 318.3 
Residual 	 110.5 	 29 
Total 	 586.9 	 44 
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whole specimens suitable for subsequent laboratory maintenance, whereas 
flies collected on adhesive panels, although more easily collected, were only 
suitable for counting and dissection. 
2.3.6. Relative efficiency of differently coloured Adhesive panels 
Thorsteinson (1958) argued that heat was an important factor in the 
attraction of horse flies and, in his design of the helio-thermal Manitoba trap, 
employed a black ball to accumulate the necessary heat. However, he also 
recognised that visual factors such as colour required investigation. 
As a consequence, the attraction of colour was examined for five species 
of Hybomitra (Bracken et at 1962), eight species of Chn,'sops and eight of 
Hybom/tra (Browne and Bennett 1980) and for host seeking Tabanus 
nigrovittatus (Allan 1984). Work on the colour preferences of H.p/uv/a/is was 
conducted by Burgess et aL (1979) in Wales. They observed that white panels 
were less attractive than dark grey panels (659 flies as opposed to 2562) and 
their results led to the suggestions made in the previous section. However, 
their conclusions were made without considering positional interference or site 
influences. Thus, it was decided to compare the efficiency of various coloured 
traps for the collection of H.p/uvia/fs incorporating these two factors. 
Method 
Seven adhesive traps (descibed in Section 2.3.4.) were painted black, dark 
grey, green, blue, yellow, white and red The traps were erected at seven 
randomly selected sites in an open area (Map2 - Colour preference) where the 
vegetation and wind exposure were considered uniform for all the traps. A thin 
coat of adhesive was applied to all seven traps. 
The experiment was conducted over seven time periods of 3 days, from 
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2nd July to 28th July 1985, using a randomly designed 7x7 latin square (See 
Table 5). The traps were moved between the seven sites according to the 
design, thereby eliminating positional interference whilst examining site 
influences. Before the traps were changed, all the captured Tabanidae were 
removed. 
Results 
762 Tabanidae were collected throughout the experiment. 734 were female 
Hpluvialis 21 were male H.p/uv/a/is and 7 were female Hybomitca distinguenda 
In the analysis the male H.pluvialis and the female H.distinguenda were 
ignored. To remove variations caused by meteorological influences, the 
number of flies caught at one site during a single time period was expressed 
as a percentage of the total number of flies caught at all seven sites over that 
particular time period. The results are recorded in Table 6. 
Table 5 Randomly designed 7x7latin square for comparing adhesive panels 
Dates inclusive 	 Site 
1 	2 	3 	4 	5 	6 	7 
2 July - 	 4 July W R G B Gy Bk Y 
5 July - 7 July Gy Bk Y W B G R 
8 July - 10 July R G Gy Bk Y B 
16 July - 18 July Bk Gy W R G Y B 
19 July - 21 July G B Bk Y R W Gy 
22 July - 24 July Y w B Gy Bk R G 
25 July - 28 July B Y R G W Gy Bk 
Key 
R=red, Bk=black, Gy=grey, G=greeri, B=blue, Y=yellow, Wwhite 
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Table 6 Fly numbers expressed as a percentage of the total caught in a 
particular time period, on seven traps at seven sites over seven time periods 
(See also Table 5) 
Dates inclusive Site Total 
1 2 3 4 5 6 7. n 
2 July - 	 4 July 17.8 32.2 2.5 17.5 11.3 12.5 6.3 320 
5 July - 	 7 July 15.3 20.6 5.9 21.2 17.0 5.3 14.7 170 
8 July - 10 July 14.8 0.0 22.2 7.4 0.0 11.1 44.4 27 
16 July - 18 July 9.1 9.1 4.5 31.8 13.6 9.1 22.7 22 
19 July - 21 July 6.4 12.8 17.0 17.0 12.8 14.9 19.1 47 
22 July - 24 July 2.4 12.2 26.8 19.5 7.3 19.5 12.2 41 
25 July - 28 July 28.0 1.9 21.5 4.7 12.1 14.0 17.8 107 
734 
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A single classification analysis of variance was performed to determine 
whether there was any significant difference between the sites during the 
experiment. The results are shown in Table 7. 
The computed F value indicates that there was no significant difference 
between the sites throughout the experiment. Furthermore, the mean square 
values for Sites (between) is less than that for Error (within "sites"), indicating 
that the differences were due to the colours rather than the sites. The data 
from Table 6 were used to produce a table indicating the number of flies, 
expressed as a percentage, caught. on the various colours at the seven sites 
(Table 8). 
A single classification analysis of variance was performed on the data and 
the results are presented in Table 9. 
The computed F value exceeds the tabulated value for 6/40 degrees of 
freedom and P=0.001. It is concluded that there is a highly significant 
difference between the traps. The error variance was used to calculate 
confidence limits to determine how the coloured traps differed from one 
another. A summary of the results is produced below. 
There was no significant difference between the red, blue, grey and 
white traps. 
There was no significant difference between the black, white and grey. 
There was no significant difference between the green and yellow. 
There was a significant difference between black and blue (P<0.05), and 
between black and the green and yellow (P<0.02). 
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Table 7 Single analysis of variance on data shown in Table 6 
Source of Sum of Degrees of Mean 	F 
Variation Squares Freedom Squares 
Sites 	(between) 395.5 6 65.9 	0.81 N.S. 
Error 	(within) 3417.4 42 81.4 
Total 3812.9 48 
31 
Table 8 The percentage of female H.pluvial/s caught on coloured traps at the 
seven sites (with reference to Table 5 and 6) 
Site 	 Trap colour 
Black Grey Green Blue Yellow White Red 
1 9.1 15.3 6.4 28.0 2.4 17.8 14.8 
2 20.6 9.1 0.0 12.8 1.9 12.2 32.2 
3 17.0 22.2 2.5 26.8 5.9 4.5 21.5 
4 7.4 19.5 4.7 17.5 17.1 31.2 31.8 
5 7.3 11..3 13.6 17.0 0.0 12.1 12.8 
6 12.5 14.0 5.3 11.1 9.1 14.9 19.5 
7 17.8 19.1 12.2 22.7 6.3 44.4 14.7 
13.1 	15.8 	6.4 	19.4 	6.1 	18.2 	21.0 
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Table 9 Single analysis of variance on data shown in Table 8 
Source of Sum of Degrees of Mean 	F 
Variation Squares Freedom Squares 
Traps 1540.1 6 256..7 	4.74 
Error 2273.3 42 54.1 
Total 	 3813.4 	 48 
F640 = 4.70 for 0.001 
= p<0.001 
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The difference between red and black was significant (P<0.01). 
There was a highly significant difference between the red, blue and 
white with the green and yellow (P<0.001). 
Discussion 
Raymond (1977) stated that a "visual decoy is more necessary to the 
efficiency of the trap than chemical bait". Thorsteinson (1958) recognised the 
importance of colour in the attraction of horse flies and, as a consequence of 
his work, Bracken et at (1962) noted that five species of Hybomitra responded 
to red 	and 	black, with green and yellow 	being 	totally unattractive. 	Similarly, 
Browne and Bennett (1980) discovered that eight species of Ch,ysops and 
eight species of Hybom/tra were most attracted to red or blue. Yellow and 
green being the least attractive, and black and white being intermediate. 
Tabanus nigrovitratus, the salt marsh horse fly, was most attracted to blue, 
black and red, with green, yellow and white, least attractive. 
In this study, H.p/uv/a/is found red, blue, grey and white the most attractive, 
with black as intermediate, and yellow and green very unattractive. The results 
were very similar to Tabanus i/lotus (Bracken at at 1962) which orientated 
strongly towards blue, red and white, and compared favourably with the 
observations made on H.pluv/alis by Berlyn (1978) and, to a lesser extent, with 
the results of Burgess at at (1979). The latter showed that red, grey and blue 
were the most attractive, followed by black, white, green and yellow. 
Interestingly, Burgess at at (1979) found white amongst the least attractive 
yet, in the present study, white was significantly as attractive as red, grey and 
blue. The difference, it is suggested, was due to Burgess at at (1979) taking no 
account of positional interference or any siting effects that there may have 
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been. 
The basis of the discussion in the last section depended on the results of 
Burgess etaL (1979) in stating that white was less attractive than the grey and 
the black. The results of this section indicated that there was no difference 
between the white and the grey and indeed, white was more attractive than 
the black. 
Therefore, the suggestion that the white canopy of the Manitoba was the 
reason 	for the 	trap 	collecting 	fewer 	flies than 	the 	adhesive 	trap, 	is now 
unfounded. Since it is known that the baits were of equal attractiveness, it 	is 
suggested that there 	may be.two 	reasons for 	the 	differences 	between the 
traps. 
The plastic canopy rustling in the wind may have disturbed the flies, or 
The Manitoba trap relied on the tabanid entering the trap by flying 
under the canopy and settling on the bait. Subsequent capture occurs as a 
result of the fly's positive phototaxis. If the behaviour of host seeking 
H.p/uvial/s was different to that for which the trap was designed, then fewer 
flies would be caught. 
The latter suggestion is more likely, since workers in the United States 
have used Manitoba traps to collect tabanids, apparently without the fly being 
disturbed by the rustling plastic canopy. 
It appears that H.pluvia/is was attracted to the red, blue, grey, white and, to 
a lesser extent, to the black panels because they offered a visual contrast with 
the background. Consequently, it is thought that the flies were not attracted to 
the yellow or green since these traps did not provide a sufficient contrast with 
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the green background and/or the yellow shrubs and flowers. 
Tabanids are attracted by CO2 (See Section 2.3.3.). This section now 
indicates that host-seeking H.p/ott/a//s are attracted to bodies that contrast 
with their background. 
Therefore, it is suggested that visual cues are of primary importance at the 
start of the search for a host, and that CO2 becomes important once the host 
is in sight by confirming the direction of the host. It is also probable that CO2 
may be important in activating a resting fly or causing a change in direction  
when in flight. We .know nothing, however, about long range chemical 
attractants. 
36 
2.4. Feeding Behaviour 
2.4.1. Introduction 
Like many haematophagous Nematocera and Brachycera, only the female 
H.pluvial/s takes blood. The following sections describe its mouthparts, attack 
on a host, its behaviour when feeding and the resulting, behaviour of the host. 
2.4.2. Structure of mouthparts 
As the morphology of the mouthparts is considered in detail by Cragg 
(1912) and Dickerson and Lavoipierre (1959), it is sufficient here to describe 
briefly their shape and structure. 
The biting parts of the female H.p/uv/a/is consists of a pair of mandibles 
and a pair of maxillae, with a labrum and a hypopharynx enclosed in a groove 
on the anterior surface of the labium (Figure 2). The labium is a large flexible 
organ with a pair of labellar lobes at its distal end. 
The mandibles are the most powerful of the piercing organs. The blades 
are flattened sabre-like structures with their internal edges armed with minute 
serrations. The maxillae are round elongated blades which have, at their tips, 
small backwardly directed teeth. The labrum is a broad elongated organ with a 
blunt tip, its inner surface deeply grooved to form the food canal. The 
hypopharynx is more slender than the labrum and contains the salivary canal 
at its distal end (Figure 2). 
In the non-feeding fly, the labium encloses the biting apparatus completely 
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mouthparts of male and female tabanids have been made by Mitzmain (1913) 
and Stoffolano and Yin (1983). Mitzmain noted that both sexes have labella 
lobes, but that only the female possessed distinct piercing mouthparts. 
Stoffolano and Yin, working with Tabanus n/grovittatus showed that the males 
had a reduced number of sensilla on the labella lobes, no mandibles, no teeth 
on the maxillae, and a salivary duct which failed to open at the tip of the 
hypopharynx. All these characteristics correlate with the non-blood feeding 
habit of the male. 
It is thought that the labium, in both sexes, is used to suck up water and 
sugary solutions in the same way as occurs in, for example, Musca domest/ca 
Indeed, Kniepert (1980) found a relatively high rate of nectar- feeding in both 
sexes of Hp/uv/a/is 
2.4.3. Mode of feeding 
Flies were allowed to settle on the forearm of a volunteer and their 
method of feeding was observed. 
After a short preliminary investigation in which the palps and the labium 
were used as tactile organs, the fly placed its fore legs well in front of its 
head, raised the abdomen slightly and inserted the piercing mouthparts with 
short sharp forward thrusts of the thorax. Sometimes a sharp needle-like prick 
was felt, othertimes there was no feeling at all. The forward thrusts continued 
until the mouthparts, other than the labium, which remained on the surface, 
were totally embedded in the skin. As the wound was deepened the fly 
elevated itself on its hind legs until the abdomen was tilted at an angle of 450• 
During the act of feeding, pulsating movements were seen in the abdomen 
wall as it gradually distended. Cragg (1912) attributed the pulsations to 
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peristalsis of the underlying food canal, but Cameron (1934) believed they 
were due to the rhythmical contractions of the abdominal muscles caused by 
an increased rate of respiration (sic). 
Throughout the feeding period, the fly often withdrew its mouthparts and 
re-punctured the skin many times, repeating the above procedure. As feeding 
continued, urine was exuded at the anus and, after a few minutes, this fluid 
was slightly tinged with blood. 
On completion of the blood meal, the fly jerked its mouthparts out of the 
skin and cleaned them with its fore legs. A small pool of blood formed on the 
surface of the host's skin at the site of the puncture, and a faint ring of 
hyperaemia, with usually some slight irritation, marked the area for a day or 
so. 
Dickerson and Lavoipierre (1959) took histological sections of the flies 
mouthparts whilst feeding. They showed that the biting mouthparts (composed 
of the labrum, the paired mandibles and maxillae and the hypopharynx) of 
H.p/uvia//s penetrated the host's skin by means of a thrusting action, the 
mandibles and maxillae alone being responsible for the cutting and laceration 
of the tissues. The mandibles moved with a scissor-like action, while the 
maxillae moved inwards and outwards; their combined, movements resulted in 
the rupture of small and large blood- vessels, from which a pool of blood was 
produced in the tissues. The fly feeds from this pool, into which the tip of the 
mouthparts was dipped. Hpluvialis they concluded, may thus be described as 
a true pool feeder. The labium and labellar lobes played no part in collecting 
and conveying blood to the opening of the food canal. 
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2.4.4. Duration of feeding 
110 flies were blood fed on volunteers to obtain the results reported in 
Section 2.6. The duration of feeding varied from 2 minutes 39 seconds to 23 
minutes 14 seconds, with an average of 7 minutes 25 seconds. Flies would 
withdraw their mouthparts and re-puncture the skin on one to four occasions. 
There was one instance of a fly feeding for 68 minutes, withdrawing and 
re-entering over a dozen times. 
2.4.5. Feeding site selection 
H.p/uv/a/is was observed feeding on the belly, side, buttocks, legs, neck and 
genitals of tethered West Highland ponies (See Plate 6). Similar results were 
obtained with H.insidiatrix on donkeys (Barrass, 1960). Present investigations 
showed Hybom/tra distinguenda prefered the genitals, belly, side and neck. The 
rare Tabanus sudet/cus was found on the belly, sides and the lower half of the 
legs. No tabanids were observed feeding on the back of the ponies. Mullens 
and Gehardt (1979) found a positive correlation between mean hair and skin 
depth at the point of landing and mean tabanid mouthpart length. Since the 
thickness of hair and skin is greatest on the back of the ponies, this may 
explain the absence of biting flies from this area. 
2.4.6. Fly and host behaviour 
No sound was made by an approaching H.p/uv/aIIs before settling on the 
host. The animals reaction to the fly's attempt to feed was to twitch its 
muscles and switch its tail. When many flies alighted, the two reactions were 
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Plate 6 Female of Hp/uvia/is feeding on horse's leg 
Plate 7 Characteristic posture of host. Note switching tail, kicking foot, tense 
abdominal muscles, blinking eves  and general nervousness 
41 
(See Plate 7). On the occasions that the fly was disturbed, it would usually 
return again and again until it had obtained a full blood meal. 
In cases when fly activity was high, the ponies would exhibit restlessness 
and nervousness, standing head to tail. If tree cover was available, the ponies 
would press their head and neck into the leaves and branches of the trees. 
The interaction between groups of horses and horseflies has been reported 
by many workers. Waage (1983 and pers.comm.) is currently examining how 
these interactions influence the community structure of horses from the 
Camargue. Duncan and Vigne (1979), worked in the same region, presented 
evidence to show that increasing the group size would decrease the average 
rate of attack per individual. Later, Duncan and Cowtan (1980) observed that a 
herd of Camargue horses would prefer bare or sparsely vegetated ground. It 
was suggested by Hughes et al (1981) that movement to these areas could be 
explained by the horses going to an area "known" to be exposed to the 
prevailing wind. 
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2.5. Laboratory feeding of field caught females 
In this study, two methods were used to blood feed females caught on 
animals in the field. For both methods, the flies were held in muslin-covered 
cages (25x20x20cm) at 20±3 °C, and provided with water and a weak sugar 
solution for sustenance .(Magnarelli and Stoffolano 1980). Flies were blood fed 
as soon after capture as possible. 
Method 
30 flies were removed from the holding cage and placed into a 500m1 
glass vessel and the top covered with a layer of muslin. The flies were 
presented with warmed (31-37 °C) defibrinated horse blood, .soaked in cotton 
wool and placed on top of the muslin (Stoffolano 1979,1983; Magnarelli and 
Stoffolano 1980). Two days later, the flies were dissected; a red/brown colour 
in the gut denoted the presence of blood. 
Results .1 
Only 5 of the 30 females (16.7%) had blood in the gut. 
Method 
22 female flies were allowed to feed on the forearm of volunteers. The 
exact time of initiation and completion of the meal was observed. If flies failed 
to feed within 10 minutes of application, they were returned to their holding 
cage, and another attempt was made the following day. Two days after feeding 
the fly was dissected. 
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Results 
15 out of 22 flies were fed. All 15, when dissected, had blood present in 
the gut. 
Discussion 
Only 16.7% of the flies ingested blood offered to them using artificial 
means. A similar result was recorded when Magnarelli (1985) offered 
blood-soaked tissues to females of Tabanus 1/neola and T.n/grov/ttatus 
Conversely, all the flies that had fed on the volunteers forearm had imbibed 
blood. The second method, therefore, was deemed the most successful means 
of obtaining "known" engorged females, and it was subsequently used to 
provide blood-fed females for dissection (See Section 2.6). 
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2.6. Ovarian development and ageing 
2.6.1. Introduction 
Studies on the physiological age of female insect populations can provide 
important information on the reproductive biology of the species. Examination 
of the ovarioles may reveal information about feeding habits, oviposition, the 
number of completed gonotrophic cycles, and in turn, whether the females 
have potential as vectors. 
Since many pathogens can normally be transmitted only if more than one 
blood meal is taken, then - the disease transmitting potential depends on the 
age structure of the females (the occurrence of individuals of various 
physiological ages in the population) and whether the female is anautogenous 
or autogenous. 
Methods of determining the age of insects of medical importance have 
been extensively reviewed by Detinova (1962,1968). 
In her work of 1962, Detinova believed that tabanids could develop their 
eggs only after a blood meal (anautogenously). At that time this was thought 
to be largely correct since the only previous reported case of autogeny in 
Tabanidae was by Cameron (1926). He found that the female Canadian 
tabanids, Chrysops mit/S and Caestuans reared from larvae and fed only on 
sucrose solutions, were capable of depositing an egg mass in the laboratory 
under simulated natural conditions. It was not until the late 1960s, that Rockel 
(1969) proved experimentally that autogeny occurred in the salt marsh deer fly, 
C.fu//g/nosus Following this, Thomas (1972) determined autogeny in six tabanid 
species, Magnarelli (1976) in fifteen out of thirty species and Auroi (1982) in 
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three from six European species. Autogeny in tabanids has also been observed 
by Troubridge and Davies (1975) and Lake and Burger (1980). 
Studies on the physiological age of insects of medical importance have 
revealed valuable information that would have been difficult or impossible to 
obtain without examining the age structure of the insect population. For 
example, some studies have shown significant differences in the ages of 
females biting at different times and consequently the importance of the 
insect as a potential transmitter of disease. Lewis (19'b) found that the 
proportion of the black fly, S/mu//urn damnosurn, infected with Onchocerca 
worms, was higher in flies biting before 13.00 hours than biting later in the 
day. Similarly, Duke (1959) noted that the proportion of the Tabanidae, 
C.s/Iacea and C.dimid/ata, infected with Loa ba was greater in the afternoon 
than in the morning. The results of these studies provided the human 
population of the areas with a "safe" period where the transmission of these 
parasites were concerned. 
Saunders (1962,1964) determined the age composition of three species of 
tsetse fly , and noted that trap-caught samples of Gloss/na pall/dipes were 
older than the hand-caught samples, with the bait-caught samples as 
intermediates. These results demonstrated that different methods of sampling 
collected different sections of the population, and that the behaviour of the 
flies changed with age. 
This section is concerned with the physiological age of the host- seeking 
females of H.pluv/a/is and involves ovary examination of flies taken from 
adhesive traps, Manitoba traps and human and equine baits. The complete 
developmental history of the ovaries is also described. 
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2.6.2. Methods of measuring age structure 
The methods for physiologically ageing insects of medical importance have 
been reviewed by Detinova (1962,1968). It appears that the classification 
established for Anopheles by Christophers (1911) and modified by Mer (1936), 
combined with the descriptions and figures of Detinova (1962) and Bertram 
(1962), has been the favoured method for determining the age of tabanids 
(Rockel 1969, Magnarelli and Pechuman 1975, Magnarelli 1976, Magnarelli and 
Anderson 1979, Lake and Burger 1980, Magnarelli and Stoffolano 1980). 
The seven stages of development outlined by Christophers (1911) and 
Mer(1936) are shown in Figure 3 and Table 10. 
The parity of the female fly has been determined, in many cases, using the 
method of Polovodova (1947), where the number of follicular relics were 
counted, each representing the completion of one gonotrophic cycle. This 
procedure was originally used with the mosquito Anophe/es.macu/ipenn/s and 
has since been applied to other Diptera. Saunders (1960,1962) noted that a 
follicular relic marking the position of the first egg was an indication that 
ovulation had occurred in tsetse flies. In tabanids, parity was determined in 
AtV/otus incura/is and 11 species of Hybom/tra by Thomas (1972), in Tabanus 
nigrovittatus by Magnarelli and Stoffolano (1980) and by Troubridge and Davies 
(1975) for 15 species of Tabanidae; all used Polovodova's method. However, 
the serial follicular relics, as seen in A.macu//penni.s each denoting the 
position of a previous egg follicle and therefore, whether the female was 
uniparous, biparous, etc., were not observed in. the ovaries of tsetse flies 
(Saunders 1962), nor in the tabanids examined by Duke (1960), Magnarelli and 
Pechuman (1975) and Magnarelli and Anderson (1979). In these cases the flies 
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were said to be either nulliparous or parous depending on the appearance of 
- the follicular relic. 
The ovarian development of known age H.p/uv/a/is was determined by 
measuring the length of the primary follicle and referring to the classification 
of Christophers (1911) and Mer (1936). The parity of the fly was ascertained 
from the presence of follicular relic(s). From these results, the developmental 
stages and, therefore, the physiological ages, of field- caught H.pluv/a/is were 
determined. 
2.6.3. Ovarian development in H.pluvialis 
Method 
Host seeking flies were caught in 200m1 containers as they alighted to feed 
on horses and humans. The flies were then returned to the field centre. 
The flies were blood-fed on volunteer humans (see Section 2.5) as soon 
after catching as possible, by closely upturning the container and applying it 
to the arm of the volunteer. Once replete, each fly was transferred to an 
individual vessel (1 litre capacity) containing a layer of damp soil, 2cm thick, 
and four grass stems pushed into the soil. Cotton wool, soaked in weak sugar 
solution, was provided as further sustenance. The individual vessels, marked 
with the date and time of feeding, were placed in a shaded room (20±3 0 C). 
Five flies were dissected each day. A small cut was made on either side of 
the sixth abdominal segment of each fly. The posterior portion of the abdomen 
was teased out together with the reproductive system and placed in a drop of 
saline on a microscope slide. The spermathecae were identified and dissected; 
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Figure 3 The seven stages of ovarian development for Anopheles 	mosquito, 





L F G 
A First follicle in Stage I. second follicle in stage N o  
B First follicle in stage I-Il, second follicle in stage N 0 
C First follicle at the beginning of stage Il, second follicle at the 
beginning of stage N. D First follicle at the end of stage II, second follicle in 
stage N 
E First follicle at the end of stage Ill, second follicle in stage I 
F First follicle at the end of stage IV, second follicle in stage I-Il 
G First follicle at the end of stage V, second follicle in stage 11 
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Table 10 The stages of follicular development as classified for Anopheles by 
Christophers (1911) and. Mer (1936), and applied to tabanids. (From Detinova, 
1962) 
Stage Description 
N 	' A follicle consisting of eight undifferentiated cells. 
The follicle 'is spherical and the follicular cells 
compose a ceqular cubical epithelium. 
I One oocyte, situated in the distal portion of the 
follicle, is clearly visible. Above the oocyte lie 
seven nurse cells. 	(Seven nurse cells have also been seen 
in the bushfly, Musca vetustissii 	(Muscidae) 
(Tyndale-Biscoe and Hughes, 1968) and the sheep headfly, 
Hydrotaea irritans 	(Muscidae) 	(Kirkwood, 1976)). 
The follicle either retains its spherical shape or 
becomes slightly oval. 
I-Il A crown of one or two rows of yolk granules appears 
round the nucleus in the oocyte protoplasm. The follicle 
takes on an oval shape. 
II Larger and more numerous yolk granules are seen in the 
protoplasm of the oocyte around the egg. The egg grows, 
becomes considerably larger than the nurse cells and 
takes up about half the follicle. 
III The egg gradually increases its share of the follicle 
space from one half to three-quarters. Its nucleus is 
no longer through the mass of yolk. The follicle 
becomes somewhat elongated. 
IV The follicle becomes longer and the nurse cells occupy 
only the uppermost part of it. The oogonium, full of 
yolk, is well developed and occupies more than nine- 
tenths of the follicle. 
V The chorion covers the whole egg. The remains of the 
nurse cells are found at the proximal end of the 
follicle. The egg is now ready for laying. 
50 
the enclosing ovarian sheath and releasing the ovarioles. 
Measurement was taken of the length and width of the largest follicle, the 
length of the second follicle, the percentage of yolk within the largest follicle 
and the length of the follicular relic (if present). The dissection was repeated 
on the four remaining flies and mean values were calculated, to 95% 
confidence limits, for each sire category. 
For the next 18 days, the daily dissection procedure was repeated, 
recording the calculated mean values, the presence and colour of blood in the 
gut, and oviposition when it occurred. 
The daily change in the follicular development was mapped using the 
classification of Christophers (1911) and Mer (1937). 
Results 
The results are presented in Table 11. Figure 4 shows the length of the 
largest follicle plotted against days. 
Prior to feeding, the length of the largest follicle remained a relatively 
constant 0.21mm (Stage II). After feeding its growth followed a sinusoidal 
curve, reaching Stage V in 10 days. Oviposition occurred on the tenth or 
eleventh day (at 20±3 0C). Within the next 24 hours, the length of the second 
follicle increased from 0.14±0.02 to 0.20±0.03. Thereafter the length and width 
of the second follicle, and the length of the new third follicle, remained 
constant. Yolk continued to be deposited until six days after oviposition 
whence it had attained 30% of the oocyte. 
Relics were apparent in all the dissected flies. Before oviposition they were 
never longer than 0.09±0.03mm. For six days post-oviposition, the relic lengths 
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Table 11 Follicular development after blood feeding on Day 0 (to 95% 
confidence limits). Each day is representative of 5 flies kept at 20±.3 ° C 
Day Length Width 2nd % Yolk Relic Blood 	Stage 
(rim) (MM) Follicle Length Colour 
Of 	1st follicle (mm) (rrrn) 
II -2 0.22±0.02 0.18*0.01 0.07±0.02 28±8 0.03±0.02 none 
-1 0.21±0.03 0.17±0.02 0.08±0.01 25+9 0.09+0.09 none II 
0 0.21±0.02 0.16±0.02 0.07±0.01 27±5 0.06±0.04 red II 
1 0.22±0.03 0.18±0.02 0.08±0.01 30±6 0.05±0.02 red 11-111 
2 0.26±0.03 0.18±0.01 0.08±0.01 27±12 0.07±0.03 red 11-111 
3 0.29±0.04 0.20+0.02 0.07±0.01 35±12 0.07±0.04 red il-ill 
4 0.33±0.04 0.20±0.02 0.08±0.01 65±10 0.04±0.02 dark red III-IV 
5 0.41±0.05 0.24±0.02 0.11±0.02 80±5 0.05+0.02 dark red III-IV 
6 0.59+0.14 0.32±0.02 0.13±0.02 90+5 0.09±0.03 brown Iv 
7 0.70±0.15 0.37±0.02 0.15±0.01 90 ±.3 0.02j0.01 dark brown IV 
8 0.80±0.17 0.40±0.06 0.14±0.02 95±3 0.02±0.01 brown/black IV 
9 
10 0.99±0.25 0.42±0.07 0.14±0.02 95± 3 0.02±0.01 black V 
11 1.500.30 0.35±0.09 0.18±0.02 100 0.02±0.01 few black V 
Laid granules 
1 0.20±0.03 0.15±0.01 0.05±0.01 none 1.20±0.95 none 1-11 
2 0.20±0.03 0.15±0.02 0.05±0.01 none 1.15±0.85 none I-Il 
3 0.21±0.04 0.16±0.02 0.08±0.02 none 0.80±0.50 none I-Il 
4 0.22±0.03 0.17±0.04 0.07±0.02 5±3 0.31±0.18 none I-Il 
5 0.22±0.03 0.16±0.02 0.07+0.01 18±4 0.28±0.23 none I-li 
6 0.21+J.04 0.17+0.04 0.07±0.01 30+6 0.26±0.20 none II 
7 0.20±0.01 0.18±0.02 0.07±0.02 30±8 0.06+0.03 none II 




















Figure 4 Follicular development after blood-feeding on day 0 to 95% 
confidence limits. ii at each point = 5. 
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varied enormously, ranging from 0.59mm to 0.06mm, after this time the 
lengths stabilised at under 0.10mm. No serial follicular relics were observed, 
although the apparent remnants of the original relic remained in the saline 
after dissection. 
Blood was steadily digested over the eleven days of gestation and, at 
oviposition, a few black granules in the gut was all that remained. 
Using these laboratory measurements and observations, the developmental 
stages of field-caught H.p/uv/a//s could be determined. 
2.6.4. Age determination of field caught H.pluvialis 
Flies were removed daily from the adhesive traps during the 1983 and 1984 
seasons, placed into labelled tubes and stored at -20 °C until examination. 
The flies were dissected using the method described in Section 2.6.3. The 
length and width of the largest follicle, the percentage of yolk in the oocyte, 
the length of the second follicle and the length of the follicular relic (if 
present) were measured for ten ovarioles from each fly. The mean values were 
calculated and recorded. When all the flies caught on a particular day had 
been dissected, the daily mean follicle length, width, etc., was calculated to 
95% confidence limits and recorded in Table 12. 
Results 
A total of 1385 flies, caught between 20th June 1983 and 20th August 1983 
and from 5th June 1984 to 13th August 1984, were dissected. The results are 
presented in Table 12. The percentage of yolk in the ovariole was 30±4% for 
all the dissected flies, and cbnsequently was not included in the table. 
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Table 12 The mean length anf width of the largest follicle, and the mean relic 
length (to 95% confidence limits) dissected from 1385 H.p//via/is caught on 
adhesive traps in the 1983 and 1984 seasons 
Date 	n 	Length 	Width 	Range of relic lengths 
(Mn) (MM) (nm) 
1983 	 - 
20-6-83 9 0.2210.02 0.16±0.02 0.02 - 0.58 
21-6-83 22 0.20±0.01 0.15+0.02 0.02 - 0.61 
22-6-83 9 0.22±0.03 0.16±0.02 0.06 - 0.44 
23-6-83 3 0.24±0.02 0.18±0.02 0.04 - 0.40 
24-6-83 3 0.21±0.01 0.15±0.02 0.04 - 0.66 
25-6-83 7 0.18±0.03 0.12±0.01 0.06 - 0.66 
26-6-83 6 0.22±0.04 0.16±0.02 0.04 - 0.66 
27/29-6-83 10 0.21±0.02 0.15±0.03 0.02 - 0.61 
30-6-83 43 0.20±0.01 0.15±0.02 0.02 - 0.85 
01-7-83 7 0.20±0.04 0.14±0.04 0.04 - 0.26 
02-7-83 2 0.20±0.07 0.18±0.02 0.02 - 0.04 
03/05-7-83 1 0.15 0.15 0.38 
06-7-83 36 0.20±0.01 0.16±0.02 0.06 - 0.55 
07-7-83 88 0.18±0.01 0.14±0.02 0.02 - 0.71 
08-7-83 121 0.20±0.01 0.16±0.02 0.04 - 0.77 
09-7-83 163 0.20±0.01 0.16±0.02 0.02 - 0.44 
10-7-83 99 0.19±0.01 0.16±0.03 0.02 - 0.44 
11/13-7-83 16 0.20±0.02 0.18±0.03 0.02 - 0.40 
14-7-83 76 0.20±0.01 0.18±0.02 0.04 - 0.26 
15-7-83 32 0.24±0.01 0.18±0.02 0.02 - 0.18 
16-7-83 39 0.23±0.01 0.18±0.03 0.02 - 0.44 
17/19-7-83 24 0.23±0.01 0.17±0.02 0.02 - 0.35 
20/23-7-83 31 0.21±0.01 0.17±0.02 0.02 - 0.26 
24/25-7-83 29 0.24±0.01 0.18±0.03 0.02 - 0.44 
26-7-83 24 0.23±0.01 0.18±0.02 0.02 - 0.18 
27-7-83 24 0.22±0.01 0.19±0.01 0.04 - 0.26 
28/29-7-83 2 0.23±0.01 0.17±0.01 0.04 - 0.33 
30/01-8-83 15 0.22±0.02 0.1610.03 0.04 - 0.46 
02/03-8-83 15 0.22±0.06 0.1910.03 0.06 - 0.31 
04/07-8-83 4 0.24±0.02 0.18±0.02 0.02 - 0.22 
08-8-83 16 0.21±0.04 0.16±0.04 0.02 - 0.36 
09-8-83 9 0.22±0.07 0.16±0.05 0.04 - 0.11 
10-8-83 5 0.20t0.03 0.15±0.04 . 	 0.02 - 0.40 
11-8-83 3 0.24±0.04 0.17±0.03 0.02 - 0.09 
12-8-83 6 0.22±0.04 0.18±0.01 0.02 - 0.40 
13-8-83 4 0.22±0.01 0.18±0.02 0.04 - 0.08 
14-8-83 1 0.25 0.19 0.33 
15/17-8-83 1 0.18 0.13 0.09 
18/20-8-83 2 0.24±0.02 0.18±0.01 0.08 - 0.22 
1984 
05-6-84 2 0.26±0.01 0.21±0.02 0.12 - 0.66 
06-6-84 2 0.23±0.02 0.19±0.03 0.20 - 0.84 
07-6-84 3 0.21±0.06 0.20±0.02 0.15 - 0.88 
08-6-84 2 0.26±0.12 0.19±0.03 0.11 - 0.44 
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Table 12 cont.d 
09-6-84 5 0.25±0.01 0.20±0.03 0.35 - 0.66 
10-6-84 1 0.26 0.22 0.18 
14-6-84 1 0.26 0.20 0.09 
15-6-84 4 0.24±0.04 0.17±0.02 0.04 - 0.77 
16-6-84 14 0.22±0.02 0.17±0.02 0.04 - 0.34 
17-6-84 2 0.26±0.09 0.19±0.01 0.02 - 0.11 
18-6-84 5 0.21+0.03 0.17±0.01 0.02 - 0.26 
19-6-84 1 0.18 0.18 0.11 
21-6-84 1 0.15 0.11 0.66 23-6-84 
24-6-84 





















C3.L6±O.01 0.11 - 0.33 






03-7-84 6 0.23±0.02 0.18±0.01 0.02 
- 0.77 








0.170.02 0.04 - 0.33 
10-7-84 29 0.23±0.02 
0.18±0.02 
0.18±0.03 
0.04 - 0.66 












0.19±0.01 0.02 - 0.09 
17/21-7-84 6 0.21+0.03 
0.18±0.02 
0.18±0.01 
0.02 - 0.06 












0.19±0.01 0.02 - 0.34 
27/29-7-84 1 0.25 
0.1910.02 0.02 - 0.22 




0.06 - 0.11 31-7-84 1 0.24 	- 0.18 0.13 01/02-7-84 7 0.24±0.04 0.20±0.03 0.04 - 0.18 13-8-84 2 0.22±0.01 0.18±0.01 0.02 - 0.06 
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2.6.5. Discussion 
Ovarian development of adult female H.p/uv/a/is was completed in 10- 11 
days post-feeding at 20±3 °C. This compares favourably with the 8-12 days 
reported by Cameron (1934). 
Prior to laboratory feeding, and after oviposition, the flies appeared to be in 
a stabilised state of development at Stage II (See Figure 4). When the mean 
ovariole length of field caught females was plotted against time (days), the 
same stage of development was observed for all 1385 adult females dissected 
over the 1983 and 1984 season (See Figure 5). 
Miller (1951) found a "remarkable" difference between the egg development 
in blood fed Tabanus aff/nis and females caught in the field. The eggs in the 
blood fed females were cigar-shaped and all approximately of one size, 
whereas those in the females caught in the field were all undeveloped. 
Anderson (1971) observed a Stage II ovarian "diapause" in the tabanid 
Chry'sops at/ant/cus, and later; Magnarelli (1976) found a Stage II "diapause" in 
most of the 30 tabanid species he examined from eastern New York State, 
U.S.A. Corbet (1964) observed that two species of Arctic mosquito, Aedes 
impiger and Ae.nigr/pes could not develop beyond Stage II without imbibing 
from a sugar solution. Similarly, Lawrence (1964) reported a Stage II dormancy 
in Ae.togoi which was broken as a result of ingestion. 
The case of H.pluv/a/is appeared to be similar, to the above examples; and 
as such, the reported stabilised state of development was considered to be a 
dormant state beyond .which the female would not advance unless she 
obtained a blood meal. The meal on Day 0, in Figure 4, was obviously 
sufficient to initiate ovarian development. 
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Figure 5 Mean follicle length of field caught females (+ 95% confidence limits) 
plotted against days in the 1983 season. For comparison, the data for the 
mean follicle length after feeding on July 10th has been added (See Figure 4) 





Interestingly, since all the females caught on the adhesive trap were at the 
same stage of development, they were said to be of -the same physiological 
age. Saunders (1962,1964) stated that different sampling methods often 
captured very different sections of the population. It is therefore apparent that 
adhesive traps attracted only host seeking females in the dormant Stage II 
state of development. 
All the dissected I-/.pluvia/is had follicular relics. Since the presence of a 
relic was an indication that ovulation had occurred (Lewis 1960, Thomas 1972, 
Troubridge and Davies 1975), it was assumed that these flies were parous. 
Furthermore, the total lack of nulliparous host-seeking females 'caught on the 
adhesive panels infers indirectly that this species is autogenous. 
Autogeny can be either facultative or obligative. The latter is very easy to 
determine since the total absence of nulliparous females on traps resembling 
hosts or on host animals would indicate that all the females had laid eggs 
before seeking a blood meal. Indeed, this was the case for H.p/uv/a//s in the 
West of Scotland. 
It is not so easy to determine facultative autogeny. An anautogenous 
female requires a blood meal before completing its 1st gonotrophic cycle, so 
nulliparous females will be caught on traps resembling a host or on host 
animals. Anautogeny is indirectly assumed when the number of nulliparous 
females caught during a season is greater than the number of unipars. 
Obligatory autogeny is inferred when no nulliparous females are caught. The 
assumption that facultative autogeny occurs can be made when nulliparous 
females are caught, but in fewer numbers than uniparous individuals (See 
Figure 6). 
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Figure 6 Determining whether a population of female tabanids are 
anautogenous or autogenous, from the occurrence of nulliparous and parous 
individuals. 
% Occurrence 




Uniparous 	 Biparous 
% Occurrence 
Nuiltparous 	 Uniparous 	 - Biparous 
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In this manner, facultative autogeny was suggested for Hybom/tra 
/as/ophtha/ma (Morris and DeFoliart 1971, Troubridge and Davies 1975), 
Tabanus nigrovittatus (Magnarelli and Stoffola no 1980), H.bimaculata, H.m/cans, 
Tbromius (Aurio 1982), and T.qu/nquev/ttatus (Troubridge and Davies 1975). 
However, there is often a fine distinction between species which are said 
to be facultatively autogenous and those presumed to be anautogenous. 
Troubridge and Davies (1975) reported T.qu/nquev/ttatus as having a facultative 
autogeny in Ithaca, New York State, after dissecting 48 females and noting 
43.8% nulliparity and 54.2% parity. Magnarelli and Pechuman (1975) however, 
dissected 470 females and recorded 61.4% nulliparous, their results clearly 
indicating anautogeny in this species. Similarly, Troubridge and Davies (1975) 
recorded /-/./asiophtha/ma as having a facultative autogeny, but according to 
their results, the total number of nulliparous females captured during one 
week was always greater than the number of unipars captured the next week, 
which is a situation that indicates anautogeny. 
It is clear, therefore, that workers should be wary of interpreting their 
results when the number of nulliparous individuals closely resembles the 
number of unipars. 
Polovodova's (1947) method of age determination requires that the fly 
produces a relic representing the completion of each gonotrophic cycle. In 
Anopheles macu/ipennis three gonotrophic cycles would thus result in three 
serial relics. According to this method, H.p/uv/a//s completes only one cycle 
since no serial relics were seen. This is known to be incorrect as laboratory 
fed flies, removed from horses in the field, have produced up to three batches 
of eggs in the present study, and since these flies were autogenous, then a 
total of four cycles must have occurred. Saunders (1967) records that the 
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mature egg of Gloss/na pa/pa//s ruptures the follicular tube at ovulation and 
carries with it the terminal part of the pedicel together with any follicular relic. 
Consequently, the ovarioles show the same appearance after two, three or four 
ovulations, as it would after one. It is thought that a similar situation may 
occur in many tabanids (for example, Tabanus nigrovittatus (Magnarelli and 
Stoffolano 1980) and Tbromius (Auroi 1982)) and would certainly explain the 
situation in /-/.p/uv/a/is Thus the application of Polovodova's method to the 
field caught females was likely to give an inaccurate representation of their 
physiological age. Unfortunately, this meant that it was only possible to state 
whether a field—caught fly was parous or nulliparous. The appearance of relic 
remnants in the saline around the dissection of known biparous females was 
not considered a reliable determinant. 
Immediately after oviposition the follicular relic was the size of the recently 
shed egg (approximately 1.5mm); over a period of six days, the relic contracted 
until it was less than 0.10mm long. Large relics ( greater than 0.10mm) 
appeared throughout the 1983 and 1984 seasons (See Table 12), and since it 
was known that the relic contracted in 6 days, it can be assumed that the 
females oviposited and then actively sought a blood meal throughout the 
season. 
The adult females of H.p/uvia/is were obligatory autogenous. Two questions 
now arise. 
a) What are the factors enabling a fly to be autogenous? 
Cu/ex pip/ens could be autogenous depending on the amount of nutritional 
reserves carried over from the larval stage (Lawrence 1964). Corbet (1964,1967) 
reported autogeny occurring in two Arctic mosquitoes, Aedes /mpiger and 
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A.nigripes but that the number of eggs produced was markedly less than an 
anautogenous female. Conversely, Magnarelli and Anderson (1979) and 
Magnarelli and Stoffolano (1980) observed that follicular development and 
fecundity did not significantly differ in the autogenous and anautogenous 
cycles of Chrysops ar/anticus and Tabanus nigrovittatus respectively. In fact, 
Magnarelli and Anderson (1977) showed that the larvae of C.fu/ignosus and 
T.nigrovittatus accumulated sufficient quantities of fat so that adult females, 
under laboratory conditions, did not require plant sugars for egg maturation or 
survival during the first ovarian cycle. Following oviposition, fat body reserves 
were almost completely depleted, resulting in the female actively seeking a 
blood meal to replenish resources. Since the larvae of H.p/uvia/is are 
carnivorous and predacious, it is suggested that autogeny occurred as a result 
of the reserves carried over from the larval stage. 
b) What are the selective advantages of autogeny? 
Anautogeny implies that the female requires a blood meal before being 
able to develop and oviposit her first batch of eggs. In the West of Scotland, 
there are few available mammalian hosts within the large area inhabited by 
H.p/uvia/is This suggests that the chances of an individual female fly being 
successful in locating and feeding upon a host animal would be low. The 
female fly, however, is autogenous and therefore she is able to complete her 
first gonotrophic cycle without the need of a blood meal. After oviposition, a 
blood meal is required to complete a second gonotrophic cycle. If H.p/uvial/s 
was anautogenous, then the species may have difficulty in sustaining their 
numbers in the West of Scotland. Furthermore, it has been shown (Section 2.9 
and 2.10) that host—seeking activity is restricted by unfavourable conditions 
such as low temperatures, high wind speeds and heavy rain and, as a 
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consequence, autogeny is a valuable adaptation in these haematophagous 
insects. 
Having determined the age structure of field caught H.p/uvia/is. further 
questions must now be asked. If adhesive traps select only for host- seeking 
parous females in the resting Stage II, where are the nullipars?, where do the 
flies go to oviposit?, and where are the males? 
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2.7. Resting site 
2.7.1. Introduction 
In the previous section it was discovered that all clegs attracted to the 
adhesive panels were parous females in a resting Stage II state of ovarian 
development. Several questions now arise: (a) where are the nullipars?, (b) 
where are the flies in the latter stages of development?, (c) where are the 
males?, and (d) where do the flies go during the night and during unfavourable 
weather conditions? In order to answer these question, the resting sites of 
H.p/uv/aIis had to be discovered, and the flies dissected to determine their 
states of development and parity. 
There are few published observations on the resting behaviour of tabanids, 
which is surprising since an accurate knowledge of preferred resting sites 
would be important for the effective application of residual insecticide. Okiwelu 
(1977) noted the importance of determining the resting sites of some African 
tabanids, known )transmitters  of Loa ba and cattle trypanosomiasis. 
Using an odourless, colourless, non-toxic adhesive, he collected large numbers 
of resting tabanids from tree-tops, bushes and surface grass cover. 
In this study no such trapping was undertaken. The resting sites of 
H.pluvia/is were determined from direct observation. 
2.7.2. Observation of the resting site of H.pluvialis 
On the 26th June 1985, between 15.15 and 16.10 hours, two males were 
discovered in the undergrowth in the middle of Druimdarroch meadow (Map 2 
- Resting Site). The meadow was.surrounded on all four sides by spruce pine 
and covered an area of approximately 2 hectares. It was a level field, but rose 
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steeply at its northern end. The vegetation was primarily long grass and 
clumps of clover with nettles around the enclosing stone wall. 
Further observations were made on the 27th June between 14.15 and 17.30 
hours. It was a day with heavy cloud cover and intermittant sun; the 
temperature varied from 13 °C to 15 ° C. 
A total of 20 male and 15 female clegs were found in the meadow resting 
on grass andclover. In one instance, two males and two females were found 
on separate leaves, but in very close proximity to each other. Further 
investigations revealed another three females, again on separate leaves; all 
seven flies were in an area of 30cm 2 . 
Females always seemed to orientate themselves with their heads 
uppermost. Males however, were found facing in all directions. (See Plate 8 
and 9). 
The males and females were very docile and easily caught by upturning a 
plastic container over the fly. The few flies that attempted to escape did not 
take flight, but leapt backwards into the undergrowth. 
It was interesting to note that the flies were first found three days before 
the first capture on the adhesive traps. 
On the 10th July, a return visit was made to the Druimdarroch meadow 
between 13.15 and 16.15 hours, during a spell of heavy rain, and again 
between 22.00 and 01.00 hours. In the first instance, 5 females and 13 males 
were removed and in the second, 4 females and 4 males. In both cases, the 
flies were removed from grass leaves and clover which were sheltered by 
other leaves. 
Occasional visits were made to the meadow throughout the season, where 
both males and females were observed until the 15th August. Females were 
removed from the meadow at various times during the season, returned to the 
laboratory and dissected. The spermathecae were examined for the presence 
of sperm, and their stage of development was determined from their ovaries. 
2.7.3. Results of dissections 
Using the method described in Section 2.6.3., 11 females were dissected. 
The date of capture together with the length and width of the primary follicle, 
the percentage of yolk, and the length of the follicular relic were recorded in 
Table 13. From the available details, the stage of ovarian development of each 
fly, and therefore their physiological age, was also determined (See Section 
2.6.2.). 
Sperm was present in the spermathecae of all eleven dissected flies. 
2.7.4. Discussion 
Resting males and females of H.p/uvia/is were found in long grass and 
clover in Druimdarroch meadow. 
It is known from the previous section that all the host-seeking females 
were parous at Stage II of their ovarian development. All the flies removed 
from this meadow, however, were in various stages of ovarian development. 
Furthermore, since there were no observed follicular relics, they were almost 
certainly nulliparous. It appears then, that the females were mated (See 
Section 2.8.) and developed their first batch of eggs whilst resting in low 
vegetation; once oviposition occurred, they became host- seeking. 
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Plate 8 Resting female in Druimdarroch meadow 
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Plate 9 Resting male in Druimdarroch meadow 
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Table 13 Result of the ovarian dissections made on the 11 female H.p/uv/a/is 
removed from Druimdarroch meadow 
Date 	Length of 	Width of 	Percentage Length of Stage of 
of capture largest 	largest 	yolk 	relic 	developrrent 
follicle 	follicle 
(nm) 	 () 	 (m) 
27-6-85 0.71 0.22 95 none IV 
27-6-85 0.49 0.27 80 none III-IV 
27-6-85 0.67 0.27 90 none IV 
27-6-85 0.71 0.44 90 none IV 
27-6-85 0.64 0.33 85 none IV 
27-6-85 0.62 0.33 95 none IV 
27-6-85 1.58 0.33 100 none V 
27-6-85 1.51 0.27 100 none V 
27-6-85 0.67 0.33 80 none IV 
10-7-85 0.95 0.30 90 none V 
10-7-85 1.20 0.33 100 none V 
24-7-85 0.67 0.33 .80 none IV 
24-7-85 0.82 0.44 90 none IV 
The absence of parous flies suggests that on completion of their 1st 
gonotrophic cycle, the female leaves the meadow in search of a host. Once 
the 	fly 	has fed 	it 	will 	complete 	its 	2nd cycle 	and subsequently 	oviposit 	in 
areas, perhaps close to the host animal. No evidence was available as to the 
whereabouts of 	resting, 	fed 	uniparous individuals. It 	is 	believed 	that 	flies 
emerging in the meadow originated from the females' 1st gonot.rophic cycle. 
Males will be considered more fully in the next section, but their discovery 
was encouraging since all previous observations had been occasional and 
accidental. 
70 
2.8. Mating and Fertilisation 
2.8.1. Introduction 
The characteristic hovering by males and its association with mating is a 
phenomenon which has been observed several times. Hovering and mating 
however, are insufficiently known in the European species (Chvala et aL 1972). 
The literature on the subject was reviewed by Bailey (1948b) where he noted 
that most of the hovering and mating occurred in the morning. Since 1948, the 
morning activity has been further substantiated by other workers, for example, 
Buckle (1955,1959) with Tabanus aur//imL'us and ib/shoppi Corbet (1964) with 
Tthorac/nus Richardson and Wilson (1969) with il/neola, and Anderson (1971) 
with Chrysops atlant/cus Instances of hovering and mating were recorded as 
an evening activity, however, by Hagmann et al (1948) with T.giganteus 
The mating procedure appears to be the same whether it occurs in the 
morning or in the evening. Males usually hover in forest clearings or in the 
open tree canopies, facing into the wind with sudden darts forwards and 
sideways, rather like the Syrphid hover flies. A few to several dozen hover in 
the same place, depending on the species. Males chase a female entering the 
hovering area and couple in mid air. After a male couples with a female, the 
other males, if more than one had darted after the female, would resume 
hovering. The mating flies slowly drop to the undergrowth with the male 
above the female, their abdomens joined at the tip. The head of the male is 
above the thorax of the female grasping her with his two anterior pairs of 
legs. Just before reaching the undergrowth the male releases its hold on the 
female, the female stops flying and drops below the male, the pair being held 
together only by their genitalia. The male then alights on the grass with the 
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female usually hanging below the male. After the pair have been in copula for 
five to ten minutes they separate. 
Hovering activity of the males usually continued for no longer than one 
hour. 
The fact that swarms of hovering tabanids were all male was determined, 
in most cases, by indirect observation usually because the insects were too 
high to permit ready capture. Richardson and Wilson (1969) however, were 
able to show, using a funnel-type trap mounted on a moving vehicle, that 
swarms seen in estuarine areas of Louisiana, were all male Tabanus lineola 
But the most graphic account of determining the sex structure of tabanid 
swarms was cited by Mosier and Snyder (1919). They reported that "on each of 
four days during the 1919 season, a few flies were dramatically brought down 
from the hovering swarms by H.S. Barber with a .22 calibre pistol loaded with 
dust shot. The ten specimens so obtained were all males". 
2.8.2. Hovering and mating of H.pluvialis 
The first report on the males of H.p/uv/a//s appears to have been made by 
Verrall (1909), although he gives no original observations. He stated that K 
"Colonel Yerbury infomed me that he has seen males of Haematopota dancing 
in small groups in hot sunshine". Later, Goffe (1931) saw males hovering over 
meadow sweet (Spiraea u/mar/a) in the mid-morning sunshine in his garden, 
and Cameron (1934) saw a swarm of clegs, at 1100am. on the 19th July, in full 
sunlight above Threipmuir Resevoir in Scotland. He noted that they were ' 
exceedingly active, and saw pairs meet momentarily and quickly separate. An 
occasional individual, or pair, was seen to leave the swarm and was soon lost 
to view. The swarming behaviour lasted for only five minutes, dispersing when 
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the sun was obscured by cloud. 
Observations on male H.p/uvfa//s have been rare in the present study. No 
swarms were seen, although there was circumstantial evidence for swarming 
when 19 males and no females were caught, on one adhesive panel, during a 
hot spell on the 29th July 1984, and 11 males were similarly caught on the 6th 
August 1985. On the 2nd July 1984 at 09.45 hours, two males were observed 
"dancing" above the authors head for two minutes. They rose straight up to a 
height of 7 or 8 metres and then spiralled down to within half a metre, then 
ascended straight up to repeat the performance. Interestingly, exactly the same 
observation was reported for males of T.bishoppiby Provost (in Buckle 1959). 
Males were observed resting on long grass and clover in Druimdarroch 
meadow (See Section 2.7) in the afternoon and evening during unfavourable 
weather conditions. Resting females were also observed in close proximity to 
the males, but no attempt was made by either sex to mate. According to 
Buckle (1959) mating in horse flies is associated with hovering. 
The mating and fertilising habits of the male tabanid are still not fully 
understood primarily because of the difficulties involved in their sampling, as a 
consequence, questions still remain unanswered. For example: (a) how often 
can an individual male copulate?, (b) does the female, when mated, contain 
sufficient sperm to fertilise all the eggs it has the capability of producing?, and 
if so, (c) what is the mechanism(s) which prevents another male from mating?, 
and (d) why do the males of some species only hover during the morning, and 
what are the factors responsible for this?. These questions., unfortunately, still 
remain unanswered. 
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2.9. Meteorological factors affecting daily activity 
2.9.1. Introduction 
Kettle (1957), in an experiment over one 24 hour period, using six 
unstandardised workers to catch Haematopota spp. as they alighted to feed, 
stressed the importance of high light intensity and warmth in relation to the 
activity of the flies. From this one 24 hour period, he reported a biting cycle 
which began at 11.00 hours and continued until 23.00 hours. No quantitative 
analysis was undertaken; indeed, from the few observations that were made, 
any analysis would have been prone to oversimplification. Chvala .et aL (1972) 
stated that feeding in H.p/uvia/is began at 07.00 hours and may continue until 
as late as 21.00 hours, peaking between 13.00. and 14.30 hours, with 
temperature the most important factor. Barrass (1960) found H.p/uvia//s most 
active in hot sunny weather in Scotland, recording the temperature at the time 
as 33.9 0 C in the shade (in Scotland?). Later, Auroi and Gray-Jacottet (1983) 
noted that temperature and humidity were highly correlated with diurnal 
activity of H.p/u via//s 
Unfortunately, these reported instances of the flies' flight activity were as a 
result of casual observations or tentative measurements of one or two 
environmental factors and therefore, could not be considered a reliable 
reflection of the hour-by-hour activity of the fly. 
The following section describes the seasonal activity of the fly over three 
years through daily monitoring of the fly numbers caught on adhesive traps. 
For the first two seasons, the average daily meteorological conditions were 
recorded on an automatic weather station, with the presupposition of 
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associating the flies' activity with changes in meteorological conditions. Since 
the trap catch is influenced by weather conditions (Ball and Luff 1981), it can 
be assumed that short term fluctuations in the weather will affect the result of 
trapping experiments; thus, it is essential that the relationship between flight 
activity and meteorological conditions, throughout the day, should firstly be 
determined. 
It is the aim of this section to produce the first quantitative analysis of the 
flight activity of /-1.p/uvia/is with the hourly changes in meteorological 
conditions. The resulting correlation, using multiple regression analysis (Draper 
and Smith 1981), was used to produce a model which helped to explain the 
fluctuations - in fly numbers throughout the season. 
2.9.2. Method 
Six adhesive traps (See Section 2.3.) were erected along a diagonal line, 
three metres apart, in an open field (See Map 2 - Open Site). Another six 
adhesive traps were similarly erected in a forested site, regarded as the closed 
site (See Map 2 - Closed Site). 
Four experiments were conducted in the 1983 season and four in the 1984 
season, during the month of July. The dates for experimentation were chosen 
to cover a wide range of meteorological conditions. 
The experiments commenced at 07.00, 08.00 or 09.00 hours, depending on 
the weather. In all cases, the captured H.p/uv/aI/s were removed from the traps 
one hour later, recording the time and the site. The procedure was repeated 
every hour, for 24 hours, until 10.00 hours the next day. 
Weather recordings were obtained for the open site using a data logger, 
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which recorded a complete cycle of measurements on magnetic tape 
throughout the experiment (Map 2 - Weather recorder). At a later date an 
hourly average was produced for each of the measured meteorological 
variables. 
The measured variables were: 
Temperature ( °C), Wind speed (metres/second), Relative humidity (%), 
Illumination (Micro—einsteins/m 2/second), Wind direction. All the instruments 
were mounted on a wooden stand set in the middle of the open field. The 
description of the equipment is given in Appendix 2. Rainfall was recorded as a 
"yes" or a "no": yes, if more than fifteen minutes of relatively heavy rain was 
experienced during the one hour period, and a no if this condition was not 
satisfied. 
2.9.3. Results of daily activity 
Eight 24 hour experiments were conducted during the 1983 and 1984 
seasons in an "open site" and "closed site". The number of flies removed from 
the adhesive traps per hour are recorded in Table 14 for 1983 and Table 15 for 
1984. 
The number of flies collected in the eight 24 hour experiments were 
summed to give a total value. The number of flies caught per hour were 
summed to give a catch for that particular hour. These hourly catches were 
then expressed as a percentage of this total. The results are presented in 
Table 16, and the percentages plotted against time in Figure 7. 
From Table 16 and Figure 7, 66.8% of the total number of H.p/uv/a//s 
collected in the eight experiments, were trapped in the open site. Fly activity 
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Table 14 The numbers of female H.p/uvia/is collected in four 24 hour 
experiments during 1983 in the open (0) and closed (C) sites 
Tirre 	 Date 
11 July- 	17 July- 	24 July- 	27 July- 
12 July 18 July 25 July 28 July 
0 	C 	0 	C 	0 	C 	0 	C 
start start start 
07.00 - 08.00 2 1 0 0 - 0 
08.00 - 09.00 start 2 0 3 2 0 0 
09.00-10.00 14 0 3 2 3 3 01 0 
10.00-11.00 8 0 3 1 0 1 0 0 
11.00 - 12.00 11 0 3 2 0 0 1 1 
12.00-13.00 19 1 6 0 0 1 0 0 
13.00 - 14.00 11 6 18 3 1 4 1 0 
14.00-15.00 36 4 12 4 2 3 1 0 
15.00-16.00 28 6 5 4 2 3 0 1 
16.00 - 17.00 35 15 2 1 4 1 0 0 
17.00 - 18.00 42 10 12 0 2 4 0 0 
18.00 - 19.00 41 10 3 0 6 1 0 0 
19.00 - 20.00 25 7 0 0 6 2 0 0 
20.00-21.00 31 6 0 0 0 2 0 0 
21.00-22.00 9 0 0 0 1 0 0 0 
22.00-23.00 2 0 0 0 0 0 0 0 
23.00-24.00 0 0 0 0 0 0 0 0 
24.00-06.00 0 0 0 0 0 0 0 0 
06.00-07.00 0 0 0 0 0 0 0 0 
07.00-08.00 2 0 0 0 0 0 0 0 
08.00-09.00 31 2 0 0 0 0 0 0 
09.00-10.00 48 4 0 0 0 0 0 0 
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Table 15 The numbers of female H.p/uvialis collected in four 24 hour 
experiments during 1984 in the open (0) and closed (C) sites 
Time Date 
02 July- 17 July- 25 July- 01 August- 
03 July 18 July 26 July 02 August 
0 C 0 C 0 C 0 C 
start start 	start 
07.00 - 08.00 0 0 0 0 0 0 start 
08.00-09.00 0 0 1 0 1 0 1 0 
09.00-10.00 2 0 3 1 4 0 0 0 
10.00-11.00 2 0 0 1 2 7 2 0 
11.00 - 12.00 0 0 2 0 11 12 0 0 
12.00 - 13.00 3 0 3 0 17 20 0 0 
13.00 - 14.00 7 2 3 0 11 9 2 1 
14.00 - 15.00 5 0 5 0 12 14 0 2 
15.00 - 16.00 7 3 18 0 9 8 2 1 
16.00 - 17.00 2 2 3 1 5 0 2 0 
17.00-18.00 0 0 0 0 1 2 9 0 
18.00-19.00 0 0 2 0 2 0 1 0 
19.00-20.00 2 0 8 0 0 0 0 0 
20.00 - 21.00 0 0 4 0 0 0 0 0 
21.00-22.00 0 0 3 0 0 0 0 0 
22.00-23.00 0 0 0 0 0 0 0 0 
23.00 - 24.00 0 0 0 0 0 0 0 0 
24.00-06.00 0 0 0 0 0 0 0 0 
06.00-07.00 0 0 0 0 0 0 0 0 
07.00-08.00 0 0 1 0 0 0 0 0 
08.00 - 09.00 0 0 1 0 0 0 0 0 
09.00 - 10.00 0 0 1 0 0 0 0 0 
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Table 16 The numbers of female H.pluvialis collected in eight 24 hour 
experiments, and the hourly catches expressed as a percentage of the total 
number caught in respective sites. 
Number of flies caught 	Hourly catches 
Time 	 in eight 24 hour 	expressed as 'a 
experiments 	percentage of the 
total catch 
Open 	Closed 	Open 	Closed 
07.00 - 08.00 3 1 0.50 0.50 
08.00 - 09.00 9 2 1.50 0.98 
09.00 - 10.00 30 5 5.00 2.46 
10.00 - 11.00 17 10 2.82 4.93 
11.00 - 12.00 28 15 4.65 7.40 
12.00 - 13.00 48 22 8.00 10.84 
13.00 - 14.00 54 25 9.00 12.31 
14.00 - 15.00 73 27 12.13 13.30 
15.00 - 16.00 71 27 11.80 13.30 
16.00 - 17.00 53 22 8.80 10.84 
17.00. - 18.00 66 19 10.96 9.36 
18.00 - 19.00 55 11 9.14 5.41 
19.00 - 20.00 41 9 6.81 4.43 
20.00 - 21.00 35 8 5.81 3.94 
21.00 - 22.00 14 0 2.33 0.00 
22.00 - 23.00 5 0 0.83 0.00 
23.00 - 24.00 0 0 0.00 0.00 
24.00 - 06.00 0 0 0.00 0.00 
Total 602 	 203 
0/ 
/0 
,7.00 09.00 11.00 13.00 15.00 17.00 19.00 21.00 23.00 
Time of day 	 Mdngni Midnight 
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Figure 7 Percentage of flies caught against time of day 
began around 07.00 in both sites, continuing until 21.00 hours in the closed 
site and 23.00 hours in the open site. Peaks of activity were observed, in both 
sites, between the hours of 14.00 and 16.00. 
A multiple regression analysis was conducted to correlate fly activity with 
the prevailing meteorological conditions. 
2.9.4. Analysis of the meteorological data with fly activity 
Multiple regression analysis 
A single regression can be employed to produce an equation that can be 
used to predict one variable from the other; for example, trap height and 
number of flies caught. In this study however, there were nine variables: fly 
number, temperature, humidity, illuminance, wind speed, wind direction, rainfall, 
year and time of day. In order to produce an equation where one can predict 
the number of flies in the open site from the other eight known variables, a 
multiple regression was required. The following pages described ' the 
step-by-step analysis using this method. 
Transformation of the fly numbers to log(n+1) 
If the meteorological data were correlated simply with fly numbers, then 
the large catches would dominate and distort the final result. 
Williams (1937) discussed the use of logarithms for analysing trap 
collections, he states "Reasoning a priori one might expect that similar 
differences in environment would produce similar percentage increases in a 
catch rather than similar numerical increases. Thus, if the catches were on two 
nights under one set of conditions 100 and 1000 insects; and if in another set 
of conditions (for example, a second trap with a more powerful light) the catch 
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on the first night was 200, one might expect the catch on the second night to 
be 2000 and not 1100, ie. a similar percentage increase and not the addition of 
900 insects to each catch. The addition would be in proportion to the basic 
catch." This result would be obtained by using the logarithm of the number 
caught. 
A complication arises if any value in the series is zero, for the logarithm of 
zero is infinity. In these cases, one is added to the fly number before taking 
the logarithm, therefore dealing with log(n+1) instead of log n. When 
reconverting back to the fly number, it is necessary to subtract one from the 
final result. 
Many workers have since used log(n+1) to stabilise the irregularity in their 
collection data, (for example, Bidlingmayer 1969, Roberts 1975, Dale and Axtell 
1975, Berlyn 1978, Ball and Luff 1981), and consequently, the fly numbers in 
this study were also transformed to Iog(n+1). 
3. Variables used in the analysis 
For the multiple regression analysis, dependent, independent and dummy 
variables were required. 
Dependent variable 
The dependent variable was the number of flies (n) caught in the open site, 
and transformed to log(n+1). 
Independent variable 
The independent variables were temperature ( 0C), relative humidity (%), 
wind speed (m/s) and illumination (microeinsteins/m 2/second). The effect of 
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each variable on the dependent variable, Iog(n+1), is shown in Figures 8 - 11. 
c) Dummy variable 
All the experiments were conducted over two seasons in the month of 
July. It was assumed, for each year, that the population available to be caught 
remained the same throughout that month. Obviously, the assumption cannot 
be made that the available population in 1983 was the same as 1984. Thus, a 
value of "1" was entered into the calculation for the four experiments 
performed in 1983, and a value of "0" for those in 1984. 
In a multiple regression analysis, values of this kind, known as dummy 
variables and having no order nor magnitude, are employed for "yes" and "no" 
factors. Thus, rainfall was given a value of "1" for no rain and "0" when there 
was more than 10,minutes of relatively heavy rain during the one hour period. 
Similarly, wind direction, was given a dummy variable of "1" for wind coming 
across the loch (570 - 173 0) and "0" for wind coming from the inland (173 0 - 
57). 
4. Exclusion of time of day from the analysis 
Figure 7 shows the distribution of fly catches throughout the 24 hour 
period in all eight experiments. No flies were ever caught between 23.00 and 
07.00 hours. It was assumed that fly activity only occurred between the hours 
of 07.00 and 23.00 and, as a result, only the variables occurring between 
these hours were considered in the model. (It was thought probable that 
night-time inactivity was due to endogenous factors; however, there was no 
direct evidence for this hypothesis.). Thus, time of day was excluded from the 
calculation with the assumption that the data comprised all the times when fly 
activity occurred. 
Figure 8 Scatter diagram : Temperature versus Log(n+1) of the fly number 
log(n+1) 
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Figure 10 Scatter diagram : Wind speed versus Log(n+1) of the fly number 
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5 The model 
The general form of the regression equation is: 
'1' = A + B 1 X 1 + B2X2 + ... BX + BZ 1 + BZ 2 
Where Y' represents the estimated value for Y, A is the V intercept, X are 
the independant variables, Z, are the dummy variables and B are regression 
coefficients. 
Attributing the measured variables in this study, to the unknown variables 
in the above equation results in the model for fly activity: 
Estimated log(n+1) = A + B 1 (Temperature) + B 2 (Humidity) + 13 3(Wind speed) 
+ 13 401lumination) + B 5(Constant for rainfall) + 8 6(Constant for wind direction) 
+B7(Constant for year) 
The Data 
The first 10 values of the raw data are shown in Table 17. For a complete 
list of the data (total number of rows = 154), see Appendix 3. 
The Analysis 
The data were analysed using the Edinburgh. Regional Computing Centre's 
statistical package, Minitab (Pennsylvania State University, 1981). The results 
are presented in Table 18. 
The r2 of 59.5%, indicates that the prediction model for the activity of 
H.p/uvialis by regression analysis accounts for nearly 60% of the variability of 
the total catch, with 40% unexplained. From the results, temperature, wind 
speed and illumination had a highly significant effect on fly activity (P<0.001). 
The effect of humidity was less significant (P<0.1), and the rainfall, wind 
direction and year factors had no effect at all. 
M. 
Table 17 Data from 1 lth July 1983 
Log (n+1) 	Temp 	Hum 	WS 	Ilium 	Rain 	WD 	Year 
1.18 23.81 70.25 0.83 0833.19 1 1 1 
0.95 24.37 67.68 1.44 0929.71 1 1 1 
1.08 26.51 62.46 1.43 1018.75 1 1 1 
1.30 27.54 59.15 1.49 1053.07 1 1 1 
1.08 28.85 54.14 1.07 1012.24 1 1 1 
1.57 29.48 51.32 1.11 1001.11 1 1 1 
1.46 28.11 54.49 1.16 0835.05 1. L L 
1.56 28.32 57.78 0.93 0729.67 1 1 1 
1.63 27.52 62.26 1.18 0707.37 1 0 1 
1.62 26.70 64.13 1.55 0549.83 1 0 1 
Continued in Appendix 3 
Key 
Temp = Temperature ( 0C), Hum = Relative humidity (%), WS = Wind 
Speed (rn/s), Ilium = Illuminance (microeinsteins/m 2/second), 
Rain = rainfall, WI) = Wind Direction. See text for explanation of variables. 
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Table 18 Multiple regression analysis 
Variable 	Regression Standard deviation 	T 
	
Significance 

















N.S. No Significance 
= 59.5% 
0.0074 10.35 
0.0024 1.92 	* 
0.0399 -3.72 
0.0001 4.00 
0.0827 -1.02 	N.S. 
	
0.0648 	 1.21 	N.S. 
0.0602 	-1.38 	N.S. 
Assumptions made in the model 
The population remained essentially stationary throughout the month of 
July. 
Flight activity occurred only between 07.00 and 23.00 hours. 
The probability of capture remained constant from trap to trap. 
The probability of capture during a trapping session was the same for 
each insect exposed. 
Each fly was considered to behave independently of each other. 
The effect of all the variables acting together was assumed to be the 
same as that produced by summing the effects of each of the variables as if 
they were acting alone, ie. that no single factor was acting to limit the effect 
of any of the others (Hughes 1955). 
The model applies only to the catch from similar adhesive traps in the 
same location under the same range of meteorological conditions during the 
month of July. 
2.9.5. Discussion 
It is important to remember that all the flies trapped in this study were 
those responding to the adhesive traps and were thought to be equivalent to 
host-seeking females (See Section 2.6). They were not representative of the 
adult population as a whole. 
60% of the total catch of H.p/uv/a/is were caught in the open site, 
supporting the suggestions of Thorsteinson 	et at 	(1958,1965) 	that 	tabanids 
prefer open areas for seeking a blood meal.  
The host seeking activity of H.p/uvialis was a diurnal phenomenon, 
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beginning around 07.00 hours and continuing until 23.00 hours, with a peak in 
numbers from 14.00 to 16.00 hours (See Figure 7). A multiple regression 
analysis was conducted to correlate fly numbers in the open site with the 
meteorological conditions. The resulting regression coefficients, shown in 
Table 18, should not be considered accurate enough for predictive purposes. 
'However, they give a good indication of the nature of fly activity under various 
meteorological conditions and are consistent both in the sign and magnitude 
of the coefficients and in the climatic factors included. 
Temperature, illuminance and wind speed were the weather variables 
showing the highest correlation with the number of flies caught, transformed 
to log(n+1). Temperature and illuminance had a positive relationship and wind 
speed, a negative relationship. The scatter diagrams in Figure 8, for 
temperature and Figure 10 for wind speed, further highlight these relationships. 
The activity level of Musca vetustissima (Muscidae) in Australia was shown 
to rise and fall with air temperature during the day (Hughes et at 1972). 
Johnson (1969) stated that the warming up of large. insects was often 
achieved by the absorption of heat from the sun. Thus, it was not suprising to 
find temperature was associated with a large proportion of the variation in 
trap catches of H.p/uvia/is The role of illumination, distinct from that of 
temperature was, however, difficult to understand. The coefficient for wind 
speed was negative implying decreasing fly activity with increasing wind 
speed. This relationship was expected, since high wind speeds would affect 
the directional control of the fly in flight. Humidity had a positive relationship 
with flight activity (P<0.1), although not as high as that for temperature, 
illuminance and wind speed. Presumably, active flies at low humidities would 
be subjected to desiccation. Rain had an effect that was not shown in, the 
IT 
regression analysis. Light rain had little effect, but activity ceased in heavy 
rain. Few flies would, in any case, be active in the cool, cloudy conditions 
associated with rain. 
There was no significant difference between fly activity and wind direction, 
and no significant difference between the flies caught in the 1983 season with 
those in the 1984 season. 
The unexplained variation (Ca 40%) could be attributed to the following 
causes. 	The 	traps do not 	measure 	activity 	precisely, 	with 	some accuracy 
inevitably lost due to rapidly changing weather conditions within the trapping 
periods and to distractions caused by the movement of nearby potential hosts, 
namely tourists. The analysis also takes no account of barometric pressure 
which, according to Burnett and Hays (1974), had a significant negative 
relationship on horse fly activity (P<0.001). However, few studies have 
satisfactorily shown barometric pressure to exert a significant influence on the 
flight activity of insects. 
The diurnal activity of H.p/uv/a//s is typical of all the European tabanids, 
except one. Chvala et at (1972) suggested that Tabanus paradoxus was a 
nocturnal feeder having observed it several times on the wing only after the 
point of almost complete darkness in a pasture meadow in South Slovakia, 
Czechoslovakia. H.p/uv/a/is is also typical of northern tabanids in having only 
one peak in the mid afternoon, those tabanids in African (Chapman 1960, 
Haddow and Corbet 1960) and Central European (Chvala et at 1972) regions 
peaking before noon and again around 14.00 hours. 
Temperature appears to be the main observed limiting factor controlling 
tabanid activity (Miller 1951, Tashiro and Schwardt 1953, Chapman 1960, 
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Anderson et at 1974). Where an analysis has been conducted comparing flight 
activity and weather conditions, temperature again had the highest correlation 
(Dale and Axtell 1975, Schultze et at 1975, Alverson and Noblet 1977), although 
Hughes et at (1981) showed no significant increase in activity with increased 
temperature; in fact, he found that wind speed had the highest correlation. 
The variation in correlations between individual studies is probably due to 
the different tabanid species involved and to the differences in fly habitat. For 
example, Bowden (1976) noted that the activity of Tabanus guieneensis and 
T.taenio/a was independent of wind direction. The same result ws recorded in 
this study for H.p/uvialis Joyce and Hansens (1968) however, discovered that 
the flight activity of T.nigrovittatus and T./ineo/a was influenced by wind 
direction and wind speed. The latter study was conducted on an exposed salt 
marsh in New Jersey. Since wind speed correlated with fly activity, a similar 
correlation would be expected with the direction in which the wind was 
coming. Bowden (1976) sampled his tabanids in a botanical garden. In the 
present study H.p/uvia/is was sampled in a forest clearing. In both cases wind 
speed was highly correlated with fly activity, but because of the swirling effect 
caused by the trees, could not be correlated with wind direction. 
The conclusions from this section were used in Section 2.10 to help 




An investigation was undertaken to monitor the seasonal host seeking 
activity of adult H.p/uv/a/is during 1983, 1984 and 1985. In the first and second 
seasons the daily weather conditions were recorded and, using the results 
from the last section, suggestions were made for the occurrence of the host 
seeking activity. 
2.10.2. Method 
Seasonal monitoring of tabanids was conducted using 12 adhesive traps in 
New York field (see Map 2 - Seasonal), over the three years of the study. The 
adheive trap was considered the best trapping method for open areas, and a 
full description is provided in Section 2.3. 
At the beginning of May of each year, the 12 adhesive traps were erected 
diagonally at 3m intervals across New York field, an area in which H.p/uvia/is 
was known to be prevalent (Plate 10). The traps were visited every evening 
between 21.00 hours and 23.00 hours, removing any tabanids that were caught 
(Plate 11). The flies were returned to the field centre and stored at -20 0C for 
subsequent dissection (See Section 2.6). 
An automatic weather station (AWS), provided by the Institute of 
Hydrology, Wallingford, was erected 200m due north of Dalavich village (Map 2 
- AWS). The AWS recorded, at half hourly intervals, the temperature ( ° C), 
humidity (%), rainfall 	(mm), illumination 	(MJ/m 2 ), and wind speed (m/s) onto 
magnetic tape and required servicing every two weeks. The tape was sent to 
93 
the Institute of Hydrology, whereupon they supplied a computer print-out 
containing the mean temperature, humidity, etc., for each recorded day. 
2.10.3. Results 
Over the three years a total of 13832 adult tabanids were collected 
comprising four species, namely Haematopota pluvialis,, H.crass/corn/.s 
Hybomitra disringuenda and Tabanus sudeticus Table 19 shows the seasonal 
distribution and abundance of the four species. 
Table 19 is a summary of the three year study. A comprehensive record of 
the number of tabanids caught per day, over the three seasons, is provided in 
Appendix 4. Meteorological conditions were monitored every day, from the 
beginning of June until September 1st, for the first two years. Table 20 shows 
the first 10 values of the raw data for the 1983 season, commencing 16th 
June. For a complete list of the data the reader is referred to Appendix 5. Over 
96% of all tabanids sampled by the adhesive traps were adult females of 
H.pluvia/i,s As a consequence, it was only this species and sex that was 
considered for comparison with climatic variation. 
The daily catch, over the 1983 and 1984 seasons, of adult female H.p/uv/a/is 
were transformed to log(n+1) (See Section 2.9), and plotted in Figure 12 and 
13. The mean temperature, illumination, humidity, rainfall and wind speed, for 
each day, were similarly plotted in Figure 12 and 13. The transformed catch for 
1985 was plotted in Figure 14. Unfortunately, no weather recordings were 
taken for this year since the A.W.S. was unavailable. 
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Table 19 Seasonal distribution and abundance of adult tabanids caught on 12 
adhesive traps over a three year period, 1983 - 1985 
Year 	 Species 
H.crassicornis l-{.pluvialis Hy.distinguenda T.sudeticus 
F 	M 	F 	M 	F 	M 	F 	M 
1983 
Abundance 	60 	0 	8042 	28 	77 	0 	1 
Distribution 20 June- 	21 June- 	29 June- 	6 August 
8 July 	17 August 	25 July 
1984 
Abundance 	20 	0 	5213 	35 
Distribution 	5 June- 	7 June- 
2 July 	20 August 
1985 
Abundance 	13 	0 	243 	29 
Distribution 30 June- 	2 July- 
13 July 	21 August 
66 	(3 	3 	0 
20 June- 	8 July- 






Total 	93 	0 	13498 	92 	145 	0 	4 	0 
Percentage 
of total 	0.7 	0.0 	97.6 	0.7 	1.0 	0.0 	<0.1 	0 
Key F = Female M = Male 
I 
Table 20 A.W.S. data for 10 days commencing 16th June 1983 
Date 	Illumination 	Humidity 	Temperature 	Wind 	Rain 
(NJ/rn 2 ) 	(%) 	( °C) 	(m/s) 	(mm) 
16-6-83 6.30 96.8 11.4 0.5 3.0 
17-6-83 12.99 89.9 14.4 0.6 0.0 
18-6-83 25.40 82.7 15.7 0.9 0.0 
19-6-83 22.63 83.8 17.2 0.7 0.0 
20-6-83 21.64 76.1 18.9 1.2 0.0 
21-6-83 22.62 84.0 16.7 0.9 0.0 
22-6-83 7.87 91.3 13.3 0.7 1.0 
23-6-33 9.35 87.6 13.0 0.5 0.0 
24-6-83. 16.27 85.3 12.0 0.9 0.5 
25-6-83 8.52 92.9 12.6 1.9 1.0 
Continued in Appendix 5 
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Figure 12 Log(n+1) of the daily fly number caught on adhesive traps during the 
1983 season, plotted with reference to the daily mean temperature. 
I 
illumination, humidity, rainfall and wind speed. 
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Figure 13 Log(n-'-l) of the daily fly number caught on adhesive traps during the 
1984 season, plotted with reference to the daily mean temperature, 
T 
illumination, humidity, rainfall and wind speed. 
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Figurel4 Log(n+1) of the daily fly number caught on adhesive traps during the 
1985 season 




Haematopota p/uv/aIi.s comprising 98.3% of the total catch, 97.6% of which 
were females, was the most abundant tabanid in the West of Scotland. There 
were three other species, namely, Haematopota crass/corn/s (O.7%), Hybrom/tra 
dist/nguenda (1.0%) and Tabanus sudeticus (<0.1%). With regards to males, 
only H.p/uv/a/is were captured (n=92), representing 0.7% of the total sample. 
Since males are nectar feeders (Stoffolano and Yin, 1983), and are not, 
theoretically , attracted to the adhesive traps, it was thought likely that their 
capture was accidental or perhaps, they had been attracted to the captured 
females. 
H.crassicorn/s was the first species to be caught from early to mid June, 
followed a few days later, by H.p/uv/a/is and Hy.d/st/nguenda The last 
H.crass/corn/s was found in the first few weeks of July. Hy.dist/nguenda was 
observed until the end of July, and H.p/uv/a//s continued until late August. The 
numbers of Tsudet/cus were too few to indicate its seasonal distribution. 
There are few records of the seasonal distribution of the four species 
monitored in this study. Kettle (1957) recorded H.crass/corn/s and H.p/uvia//s on 
the 13th July, and Titchener (1981) noted H.p/uv/a//s and Hy.d/st/nguenda 
associated with cattle in South West Scotland throughout the summer months. 
Chvala et at (1972) however, reported the seasonal distribution of all four 
species in South Slovakia, Czechoslovakia. They stated that H.crass/corn/s was 
an early spring species found on the wing from May until July. Hy.distinguenda 
was reported from May until August, T.sudet/cus from June to August and 
H.p/uv/aIis from May until October. Compared with the present study, their first 
observation of each species occurred two or three weeks earlier than the first 
observation in this study. There are two possible reasons for this difference: 
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The flight season of these tabanids may start earlier in Czechoslovakia, or 
it is now known that H.p/uv/alis is autogenous (See Section 2.6) and 
therefore, each captured fly must have produced one batch of eggs before it 
was attracted to the •trap. It is also known that ovarian development takes 
about 11 days (Section 2.6 and 3.2) depending on the temperature. Therefore, 
emergence and subsequent fertilisation must have occurred approximately two 
weeks before they were first captured on the adhesive traps. This result would 
explain the difference in observations between the two studies, if Chvala et al 
(1972) were describing the emergence of H.p/uvia/is, and not its host seeking 
activity. It is possible that this may be the case for the other three tabanids. 
Indeed, 25 of the 93 H.crass/cornis were dissected and the indications were 
that they too were autogenous. Ideally however, many more dissections would 
be required for a more positive statement. 
The date of the first capture of any tabanid, over the three seasons, was 
variable, 20th June in 1983, 5th June in 1984 and the 30th June in 1985. It was 
thought that the weather conditions throughout the winter, spring and early 
summer must have affected the date of emergence. 
From the previous section, it was known that temperature, illuminance, 
wind speed and, to a lesser extent, humidity, had an effect on the host seeking 
activity of H.pluv/a/is Examination of Figures 12 and 13 revealed the following 
suggestions. Curiously, rainfall appeared to have a greater effect than was 
originally thought. 
1983 (see Figure 12) 
The first flight activity was coincident with a temperature increase from 14 
to 19 0C and an increase in illumination froml2 to 22 MJ/m 2 coupled with a 
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low wind speed. The drop in numbers on the 23rd June was probably due to a 
decrease in temperature and illumination and an increase in humdity. The 
peak on the 30th June was coincident with an increase in temperature and 
illumination, followed by a two-fold drop in numbers probably attributable to 
over 25mm of rain and an increase in wind speed (>3.0m/s). There was a 
large peak from the 6th to 14th July attributable to increased temperatures, 
illumination and no rain. Another peak occurred from the 20th to 23rd July 
corresponding with high temperatures, low wind speeds and no rain. 
Thereafter, for four days, the drop in numbers was coincident with lower 
temperatures and illumination, and an increase in the wind speed. On the 3rd 
August, the decrease in numbers was associated with very heavy rain. The last 
fly was caught on the 14th August, just prior to a heavy rainfall and a drop in 
temperatures to just above. 10 0 C. 
1984 (see Figure 13) 
The season began on the 5th June following a warm spring. No A.W.S. 
recordings were made until the 11th June due to a mechanical fault in the 
data logger. The decrease in numbers on the 12th and 13th June was 
coincident with heavy rain, high wind speeds and low illumination. The 
increase from 14th to 16th June was attributable to a temperature increase of 
11.3 to 15.4 °C coupled with increased illumination, decreased wind speed and 
no rain. The drop to a nil catch on the 22nd June was associated with very 
low temperatures (<10 °C), low illumination, rainfall and high wind speeds 
(>2.0m/s). Thereafter, there was an increase in numbers until the 6th July, 
coincidental with increased temperatures and illumination. The 6th July peak 
corresponded with the peak in numbers seen in 1983. From the 6th July to the 
11th, the decrease was associated with low temperature, illumination, high 
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wind speed and rain. There was a steady increase thereafter, until the 25th 
July with increased temperatures (12 0C to 18 0 C), increased illumination, wind 
speeds under 1.0m/s and no rain. There were no weather recordings from 31st 
July until the 7th August, which was, again due to a malfunction in the 
datalogger. Temperatures at this time were low and there was no rain. The 
plateau of numbers through the beginning of August was coincident with an 
increase in temperature and illumination, with no rain and little wind. 
1985 (see Figure 14) 
No weather recordings were taken during 1985. It was believed that the 
very small number, only 287 flies, was attributable to the dreadful summer. 
Through July and August, rain was observed every day. The rain, coupled with 
the cool and cloudy conditions, was obviously unfavourable for host seeking 
activity. The few flies that were caught were first sampled on the 30th June 
and were present, when weather conditions allowed, until the 21st August. 
• These results, together with those of the last section, show unequivocally 
that meteorological conditions affect the seasonal distribution, abundance and 
behaviour of host seeking adult female H.p/uvia/is 
Catches of H.p/uvfa/is in the 1983 and 1984 seasons appeared to show a 
trend, with numbers low in June, increasing abruptly to a peak in July and 
then declining to smaller numbers throughout August. The July peak was also 
observed in Tabanus nigrovittatus in North Carolina (Hansens 1947, Dale and 
Axtell 1976), Tabanus quinquevittatus in New York State (Tashiro and Schwardt 
1949,1953; Thompson and Pechuman 1970) and for the tabanids found in the 
Camargue (Hughes et aL 1981). 
In the warmer regions of Southern Europe, the first tabanids may emerge 
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as early as March and April (Chvala et al 1972). In Uganda, Harley (1965) states 
that "All the commoner species (of Tabanidae) were caught in all, or practically 
all, months of the year, and it seems unlikely that many species are confined 
to particular seasons." It is believed that variations in the distribution of 
tabanids will depend upon the ambient temperature, initially affecting the 
temperature of the soil and therefore, the development of the larvae and 




The site of the study is described. 
The types of trap for collecting tabanids are described. It was decided 
that the Adhesive trap and the Manitoba trap (Thorsteinson 1958) were the 
most effective traps for the collection of 	H.p/uv/a//s Consequent 
experimentation showed that the adhesive trap was significantly more efficient 
than the Manitoba. 
H.p/uv/a/is were most attracted to red, blue, grey and white the most 
attractive colours, with black as intermediate, and yellow and green very 
unattractive. It was believed that the level of attraction to these colours 
depended on their visual contrast with the background. 
Only the female imbibes blood. Its feeding behaviour and the behaviour 
of the host are described. 
Flies that fed on human volunteers were used in preference to artificially 
fed flies for obtaining "known" engorged females. 
The ovarian development from feeding to oviposition is described, the 
whole process was completed in 10-11 days (at 20±3 0C). Using these 
measurements, the developmental stage of field-caught H.pluv/a//s was 
determined. 
All dissected field-caught flies were in a dormant Stage II state of 
ovarian development (Christpphers 1911, and Mer 1936). No nullipars were 
caught on the adhesive traps. The fly was therefore said to be obligatorily 
autogenous. 
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All samples caught with adhesive and Manitoba traps were considered to 
be equivalent to those collected on bait animals, ie. host-seeking flies. 
Male and female flies were found resting in Druimdarroch meadow 
(Map2 - Resting site) during the night and during their first gonotrophic cycle. 
The females were nulliparous and contained sperm 
The hovering and mating characteristics of the male are described. 
The host-seeking activity of H.pluv/a/is is of diurnal occurrence, usually 
taking place in an open area. Peaks of activity were observed between 14.00 
and 16.00 hours. 
The meteorological factors which affected the daily activity of the 
female were determined, using a multiple regression analysis to correlate 
transformed fly numbers with weather conditions. Temperature, illumination 
and wind speed were highly significant. Humidity was less significant. 
13,832 adult tabanids were collected over the 1983,1984 and 1985 
seasons. They comprised four species, H.p/uvia/is (98.4%), H.crassicornis (0.7%), 
Hybom/tra distinguenda (1.0%) and Tabanus sudeticus (<0.1%). Only males of 
H.p/uv/a//s (0.7%) were caught. It was believed that their capture was 
accidental or as a result of attraction to the captured females. 
H.pluvfa//s was found from June to late August. H.crassicornis from 
early to mid June, Hy.dist/nguenda from June to the end of July. The number 
of isudeticus were too few to indicate its seasonal abundance. 
From weather recordings taken, using an automatic weather station 
(AWS), and from the result of Section 2.9 (Summary 12), suggestions were 
made to explain the fluctuations in the seasonal distribution of H.pluvia/is 






The egg masses of Tabanidae have been found on a variety of substrates. 
In Ohio, Hine (1906) collected Tabanus /as/opht/ia/ma from plants that grow in 
shallow, wet ground and T.stygius from the leaves of Sagittaria standing in 
shallow Water. He found the eggs of Tv/vax on stones that projected above 
fast flowing streams and Tatratus from the leaves and stra'ns of grasses, 	>( 
sedges and other plants growing in marshy or wet ground. He was unable 
however, to discover the whereabouts of the egg masses of Tsu/cifrons, the 
most common horsefly of the region. Isaac (1924) stated that "Most tabanids 
lay their eggs on plant stems or leaves overhanging water at the edges of 
streams, irrigation channels or pools". His statement was generally true for the 
two Indian tabanids, T.rub/dus and Tcrassus, that he investigated, and also for 
the Egyptian TJ/neo/a (Shwardt 1931, Hafez et aL 1970), the European 
Hybom/tra bimaculata (Auroi 1983) and the North American C/7rysops disca//s 
(Miller 1951, Knudsen and Rees 1967). T.nigrovittatus and Tsimu/ans however, 
were found to oviposit in a drier environment associated with marshland 
(Graham and Stoffolano 1983a,1983b). 
It appears from the available literature that the egg masses of H.p/uvfa/is 
have never been found in the field (Cameron 1934, Burgess et aL 1978). In the 
laboratory however, Cameron (1934) and later Burgess et aL (1978), were able 
to create an environment in which blood fed H.p/uvial/s would oviposit on 
blades of grass placed obliquely in damp soil. In the present study an attempt 
109 
was made to discover the whereabouts of the egg masses in the field but, as 
was the case for Hine (1906) with T.su/c/fron.s Cameron (1926) with the many 
species of Canadian tabanids and Cameron (1934) and Burgess et aL (1978) 
with H.p/uvia/is the search proved fruitless. 
In the laboratory however, blood fed females oviposited when individually 
segregated in large glass jars. (For a complete account of the method, see 
Section 2.6). From the results, and from those of Section 2.7 and 4.2. it was 
thought likely that H.p/uvialis selected comparatively dry situations for 
oviposition in the field. 
3.2. Oviposition in the laboratory 
Females oviposited 10-12 days post feeding (See Section 2.6). On one 
occassion the actual act of oviposition was observed. 
At 15.30 hours, the female, having positioned herself to face downwards 
and halfway up a 15cm long, 1cm wide blade of grass, extruded her first egg. 
The egg adhered immediately to the leaf. The fly then lifted her abdomen to 
free the egg from her body. The second egg was placed alongside the first, 
forming a V-shape. Another two or three eggs were laid close to and in front 
of 	the second 	egg, 	so 	pressing 	them' close 	together. 	The 	process was 
repeated until a row of eight eggs was produced. The fly continued 	until 	a 
further two rows were completed. The fly remained on the leaf for 2 or 3 
minutes before it attempted to fly away. 
The resultant egg mass, containing 46 eggs was single tiered and 
measured 7mm by 3mm. The individual eggs were spindle shaped, smooth, 
1.5mm long and 0.3mm at their widest point. The eggs were white when laid 
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but within five hours had turned to a grey/brown colour, the apex (the 
micropyle) being distinguishable by a black spot surrounded by a dark brown 
halo. 
Altogether 10 egg masses were produced, their details are recorded in 
Table 21. 
An attempt was made to rear 116 of the newly emerged larvae (See 
Section 44). 
The mean incubation period was 10.1±1.0 days at 20±3 °C. Cameron (1934) 
noted that the incubation period altered with temperature; at 15- 17 0 C the 
time taken varied from 10 to 12 days, but when the temperature rose to 
between 18 and 20 0 C the incubation time was reduced to a 6 to 8 days period. 
The temperature in the field station fluctuated 30 either side of 20 0 C, and was 
probably the cause of the wide range of the incubation periods (8 to 12 days). 
Burgess et al (1978) studied nine egg masses, but their published results 
showed only whether they were single or double tiered. Cameron (1934) 
recorded a mean of 112 eggs per female which compared with the 66 
recorded in this study. The range varied enormously in both the studies (50-
185 and 29-108 respectively). Similar results have been recorded in other 
tabanid studies. For example, Mitzmain (1913) observed masses of between 
270 and 495 eggs for T.str/atus in the Phillipines, whilst Knudsen and Rees 
(1967), recorded numbers of between 100 and 600 for Chrysops disca/is in 
Utah. The hatch rates for the 10 egg masses showed a mean of 6718% and 
ranged from 7 to 97%. A similar range, 1-96%, was recorded by Magnarelli and 
Stoffolano (1980) working on T.nigrovittatus, but with a smaller mean, 
40.3t35%. 
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Table 21 Details of the 10 blood fed H.pluvia/is which completed oviposition 
and the fate of the resulting egg masses 
Fly Blood 	Days to 	Days to larval Eggs Number of larvae Hatch 
Fed oviposition 	emergence 	laid 	emerging 	rate (%) 
(Date) 
1 24-7-84 11 9 96 72 75 
2 25-7-84 11 9 66 64 97 
3 14-7-84 11 1.2 58 42 72 
-4 21-7-84 10 10 46 3 7 
5 25-6-84 11 9 86 54 63 
6 25-6-84 12 8 47 43 93 
7 11-7-84 10 10 108 55 51 
8 13-7-84 11 11 29 20 69 
9 16-7-84 11 12 58 40 . 	 69 
10 24-6-84 10 11 64 46 72 
Mean 	(+-95%) 10.8±0.5 10.1±1.0 66±17 6718 
Range 10-12 8-12 29-108 7-97 
112 
Graham and Stoffolano (1983a) suggested that the variation in the number 
of eggs per individual and the hatch rate was indire.ctly due to a number of 
factors, namely, the quantity of stored nutrients carried over from the larval 
stage, the amount of vertebrate blood consumed, the number of gonotrophic 
cycles completed and the substrate on which the egg masses were deposited. 
Additional factors were probably the unnatural environment of the laboratory 
and the size of the female. 
3.3. Development of the Embryo 
The development of the embryo was adequately described in Cameron 
(1934) and will not be considered here. 
3.4. Hatching 
The actual process of hatching was observed by Cameron (1934). He 
recorded that "The process of hatching is preceded by the marked forward 
contraction of the larva. Anteriorly it presses against the apex of the chorion 
and leaves a space behind. A slit made by the hatching spine appears along 
the dorsal side of the chorion, extending from the apex backward for 
one-fourth the length of the egg. A drop of clear amniotic fluid escapes from 
the breach. The larval head then emerges, and is followed by the body which 
contracts actively until it has freed itself of the chorion. In the course of 
emergence the larva enlarges the initial longitudinal slit, which is carried 
posteriorly to the right or left, and is sometimes continued for a short distance 
along the ventral wall of the chorion". 
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3.5. Discussion 
Unfortunately no egg masses were found in the field. From the results of 
Section 2.7 and 4.2. it was suggested' that H.p/uvia//s preferred a habitat 
containing damp soil and long grass for ovipositing their eggs. Potentially, this 
description covered most of the area around Loch Awe, and therefore the 
failure to find the eggs was attributed to the numerous potential oviposition 
sites in the area. Cameron (1926) reported a similar failure to discover the 
eggs of any tabanid found on the Canadian prairie; he concluded that "The 
shy, elusive habit of many species, combined with the very extensive choice of 
suitable conditions for oviposition which the numerous sloughs and lakes 
present, are, in my opinion, the chief reason why the search for Tabanid eggs 
has proved practically fruitless on the prairie". 
Egg masses were, however, produced in the laboratory and their details 
were described in Table 21. 
Th eggs were laid in a mass perpendicular to the blade of grass. Chvala et 
al (1972) noted that the egg masses of Haematopota spp. were rather flat, and 
were laid at a low angle (15_20 0) to the substrate. Their comments contradict 
the findings, both of this study, and those of Cameron (1934) and Burgess et 
at (1978). 
The oviposition habits of H.pluv/a/is were found to be similar to those of 
T.nigrov/ttatus in that they orientate themselves to face the substrate and lay 
their eggs on wide blades of marsh grass. They also have comparable egg 
measurements (Graham and Stoffolano 1983a, 1983b). T.ni,grovittatus and, it 
was assumed, H.p/uvialis required a wide blade of grass to obtain the most 
secure grip with their foretarsi thereby assuring the female that the egg mass 
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would fit. Furthermore, the female would be unable to maintain a normal 
ovipository position where the blade width was wider or narrower than the 
distance spanned by her legs. Graham and Stoffolano (1983a) also noted that 
no egg masses were found on diseased, dying or damaged leaves, or on 
leaves which already contained an egg mass. The latter, incidentally, attracted 
egg laden females of T.str/atus (Mitzmain 1913) and C.d/sca//s (Knudsen and 
Rees 1967) seeking a site for oviposition. 
3.6. Summary 
Female H.p/uv/aIis oviposited an average of 66t17 eggs per egg mass on 
blades of grass placed obliquely in damp soil in the laboratory. The egg mass 
and individual egg are described. 
The incubation period ranged fro 8 - 12 days, depending on the 
temperature. 
The hatching process is described. The hatch rate ranged from 7 - 97%, 





With the exception of the important paper by Cameron (1934), the larval 
biology of Haematopota pluvia/is has not been examined in any detail. Burgess 
et at (1978), attempted to locate breeding sites and immature stages as part 
of a project to control the fly. Like many such studies, however, this work 
concentrated on the adults, with the larvae attracting no more than a mention. 
Early reports on the biology of tabanids restricted sections on the larvae to 
sampling methods and rearing of the collected larvae. Isaac (1924), for example 
outlined a "recommended method" for their collection, whilst Cameron (1926), 
in a report on Canadian Tabanidae, recovered nineteen adult species (4 
Chrysops spp., 1 Haematopota sp. and 14 Tabanus spp.), and managed to rear 
several of them from larvae to adults, whilst making no mention of their instar 
size or period. 
Schwardt (1931) minimised the larval section in the biology of Tabanus 
lineola to a brief report describing the full grown larvae, the larval period and 
the number and duration of larval stages. The method of collection was the 
main contribution to larval biology in the study made by Tashiro and Schwardt 
(1949) on the horse flies of Central New York. In a later study (Tashiro and 
Schwardt 1953), however, they were able to provide a detailed account of the 
larval distribution of these species. 
Wall and Doane (1960) restricted their larval section to the use of larvicides 
as a means of controlling the adult; whilst MacCreary (1940) confined the 
C) 
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immature stages to a section describing the number reared and their 
relationship to plants and water. No attempt was made to quantify the larval 
development even though 20 species of Tabanidae were reared (7 Chrysops 
spp., 1 Aty/otus sp. and 12 Tabanus spp.), 16 of them to adults. 
In the U.S.A., the largest body of research on the larvae of a single species 
of tabanid has been performed on the salt marsh greenhead. Tabanus 
nigrovirtatus Wall (1957) outlined a method for sampling the larvae, whilst 
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Bailey (1948), and later, Dukes et at (1974), described its habitat and 
distribution. No comparable research has been undertaken for a tabanid in 
Britain. 
It is the aim of this study, therefore, to present the first detailed account of 
the life history of field caught larvae of Haematopota pluvialis 
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4.1. The larva of KpLuvialis 
4.11. Identification of larvae 
The detailed description, given by Cameron (1934), of the immature stages 
of H.p/uvia/is was used to identify the larvae obtained in this study. A summary 
of the morphological characteristics of a 6th instar larva is given in Figure 15 
and Plate 12. 
Reference should be made to Cameron (1934), for information on the 
physiology of the larva. 
4.1.2. Mode of feeding 
The 2nd and later instars are carnivorous and predacious, readily attacking 
soil dwelling invertebrates. Observations were made on the feeding habits of a 
6th instar larva: 
The larva attacked an earthworm with a sharp back stabbing action of the 
mandibles and tentorial rod apparatus. The prey became inactive almost at 
once. Its contents, ingested over a period of 15-25 minutes by a repetitive 
rasping action, were clearly visible in the gut of the larva. Once feeding was 
complete, the larvae became relatively quiescent. 
The feeding of two day old and full grown Tabanus striatus larvae on 
Stomoxyslarvae and worms was vividly described by Mitzmain (1913). 
"In one instance a full-grown Stomoxys larva,e" was destroyed in exactly 
twenty minutes. Here the attack on the Stomoxys was made through 
accidental collision, the Tabanus instinctively thrusting out its mouth and 
Figure 15 Morphology of 6th instár H.pluvia/is larva. The combined length of 



























Plate 12 6th instar larvae of H.p/uvia/is 
i1 
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tentatively taking a bite. It apparently became greatly excited (this was its first 
meal), and, thrusting its head into the body of the Stomoxys larva, commenced 
to probe by twisting its head rapidly. In less than a minute the cuticle was 
broken through and an ample slit was made through which the entire head 
was buried in the body of the victim, whereupon an energetic gouging took 
place. The Tabanus worked through the cephalic third of the body upward to 
the head, then worked in the other direction on the lower two-thirds .... until the 
Stomoxys larva was completely devoured with the exception of the cuticle. 
The full grown Tabanus..actively pursues its prey. When an angleworm is 
seen, perhaps 2mm distant, the elastic head capsule of the larva darts forth, 
curves its claw-like hook about the worms' body, and, with its head curled 
under its struggling prey, retreats quickly into the sand. It begins to feed, 
devouring an angleworm fully four times its own length" 
The capacity of tabanid larvae to capture and devour large animals was 
also reported by Jackman eta! (1983), where they observed, toads (Scaph/opus 
mult/pi/catus) being predated upon by T.punctifer larvae. The larvae lay buried 
in mud seizing the toads with hooked mandibles, pulling them partly into the 
mud where they were killed. Jackman et al noted that the forces the larvae 
exerted when pulling on the toads amounted to twenty to thirty times the 
larval body weight. Larval aggression was observed by Cameron (1934), in an 
experiment where he lightly touched a larva with a needle. The larva 
immediately responded by striking the needle with such vigour that a clearly 
audible click was produced and the mandible fractured. 
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4.2. Habitat and Distribution 
4.2.1. Introduction 
The available information on tabanid larval stages is predominantly from 
species found in semi-aquatic environments. Tabanus I/neo/a, T.n/grovittatus, 
Ch,ysops at/ant/ca and C.fu//g/nosa, for example,, are known to breed 
commonly in salt marsh (Bailey, 1948; Wall and Doane, 1960; Dukes at a/., 
1974), and i/as/opthalrnus. T.qu/nquev/ttatus and TI/iwo/a have been found in 
pasture soil in association with semi- aquatic plants (Tashiro and 
Schwardt,1949). Teskey (1969) generally categorises Chn,'sops spp. as being 
prominent on margins of streams, Hybom/tra and Atylotus spp. in substrata of 
organic origin and Tabanus spp. to the drier areas of wetlands. Schomberg 
(1952) noted that T.su/cifrons ranged from soil that was moist to rather dry. 
Haematopota spp., according to Chvala at al (1972), were found in drier soil, 
usually a little distance from water. Cameron (1934), although he did not 
systematically search for the larvae of H.pluv/aI/s, suggested that they may be 
similar to T.glaucop/s and T.quatuornotatus in selecting comparatively dry sites 
for oviposition. As a result, Burgess at at (1978), working with H.p/uv/a//.s 
searched open pasture land and found high concentrations of the larvae in 
old- field pasture which had not been ploughed or fertilised for at least 30 
years. 
It is the aim of this section to identify and suggest reasons for the 





Six different sites, marked on Map 3, were selected. A general description 
of each site is given below. Note that 'semi-open' indicates the presence of 
bushes or trees within the site. 
Site 1 - An open field with no tree cover. Damp soil. Birch wood to 
lochside. Spruce pines to west. Ferns and long grass predominant vegetation. 
Some moss ground cover. 
Site 2 - Inner spruce wood. Thick tree cover. Soil dry and covered with 
pines. No undergrowth. 
Site 3 - Semi-open field. Sample area with thin birch tree cover. Wet soil. 
Long grass around tree trunks. 
Site 4 - Semi-open field. Sample area as Site 3, but out in open. No tree 
cover. Damp soil. Long grass and no ferns. 
Site S - Open field. No tree cover. Dry soil. Grass close-cropped by horses. 
Site 6 - Semi-open field. Sample area with thin birch tree cover. Damp 
soil. Close-cropped grass. 
Collections were restricted to a 20m 2 sample area marked out in each site. 
Twice weekly visits, over the period July 16th to August 22nd 1985, were 
made to each of the six sites where a 25cm 2 quadrat was thrown randomly 
into the sample area. In this manner, six 25cm 2 sods, to a depth of 15cm, were 
removed, per visit, and returned to the field centre. Each sod was placed into a 
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Map 3 Map of study area showing the experimental sites for determining the 
habitat of the larvae of H.p/uv/aIis 
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compartment of the drying unit, described in Section 4.3 • Thirty-six hours later, 
the number of H.pluv/a/is larvae expelled and collected in the beakers of water 
beneath the unit, was recorded. 
Results 
The number of larvae collected over twelve visits are shown in Table 22 
and reproduced graphically in Figure 16. 
A single classification analysis of variance was performed on the data and 
the results are shown in Table 23. The computed F value greatly exceeds the 
tabulated value for 5/60 degrees of freedom and P=0.001. It is concluded that 
there is a highly significant difference between the sites. The error variance 
was used to calculate confidence limits to determine how the sites differed 
from one another and a summary of the results is produced below. 
There was no significant difference between Sites 3, 5 and 6. 
The difference between Site 2 and the other Sites was highly significant 
(P <0.001). 
The difference between Site 1 and Site 4 was not as significant, 
(P<0.01), as was the difference between Site 1 and Site 2, 3, 5 and 6, 
(P < 0.00 1). 
There was a highly significant difference between Site 4 and Site 5 and 
6 (P<0.001) 
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Table 22 Total number of the larvae of H.p/uvia//s recovered from twelve visits 
to six sites from 16th July to 22nd August 1985 
Site 	 Replicates 	 Total 
1 124122312211 22 
0 
3 101101000121 8 
4 121112201221 16 
5 llOOøO011OOl 5 
6 0 1 1 1 1 1 1 1 0 0 10 8 
59 












Figure 16 Histogram showing the total larvae extracted from six sites through 
twelve replicate tests over a 6 week period. 
Sites 
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Table 23 Single analysis of variance on the data shown in Table 22 
a 
Source of 	Sum of 	Degrees of 	Mean 	F 
Variation 	Squares 	Freedom 	
I
Squares 
Sites 	 26.069 	 5 	 5.214 	14.016*** 
Error 	24.583 	66 	 0.372 
Total 	 50.652 	71 




It is known that larvae are present in the top 15cm of soil since all the 
larvae in this study were removed from sods taken to this depth (See Section 
42.2. and 43.). However it is not known whether the larvae are found below 
this level. 
Method 
Once a month 12 sods, measuring 25cm by 25cm and 30cm deep, were 
taken from an area known to contain H.p/uvia//s larvae. The top 15cm of each 
sod was discarded . The bottom 15cm was placed in the drying unit and left 
for 36 hours. Thus, any larvae present could be collected. 
Results 
No H.pluvia/fs larvae were ever recovered from the bottom 15cm at any 
time of the year. 
4.2.4. Discussion 
The results of the habitat and distribution experiments show conclusively 
that H.p/uvia//s prefers the top 15cm of damp soil in areas where long grass is 
the predominant vegetation (Site 1 and 4). This confirms earlier reports that 
H.p/uvialis prefers comparatively drier areas, and also compares favourably 
with the work of Miller (1951), Tashiro and Schwardt (1953), and Lane (1976) 
who found tabanids only in the top 4 inches (10cm) of soil. 
H.pluvia/is larvae are particularly prone to desiccation; the damp nature of 
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the habitat would provide the larvae with an environment that has a 
sufficiently high moisture content to prevent desiccation. Below 15cm, the soil 
becomes clay and isprobably avoided by the larvae since the clay has a lower 
moisture content than the topsoil and also presents a difficult substrate in 
which to move. 
Damp soil and long grass are indicative of healthy earthworm and other 
soil dwelling animal populations, which would provide the larvae with a 
plentiful supply of food. Consequently, areas in which long grass are 
predominant contain significantly higher numbers of larvae than short grass 
areas. Furthermore, it has been shown by Burgess et aL (1978), that egg 
masses are usually laid on grass stems. 
It is suggested, therefore, that long grass is the preferred oviposition site 
for the adult female H.p/uvialis, since it provides a substantial anchorage point, 
and, as egg masses are laid on the under- surfaces of the leaves, an efficient 
means of concealment. 
To summarise, H.p/uvia/is larvae are found in uncultivated meadow land, 
where they are restricted to the top 15cm of topsoil, particularly in the damper 




In endeavouring to estimate the population dynamics of any soil dwelling 
community, it is essential that the efficiency of the extraction method should 
approach 100%. The available literature concerning tabanid larvae has 
compared the efficiency of three extraction methods: mechanical, chemical and 
behavioural. 
a)Mechanical extraction. Mechanical methods of extraction have the 
advantage that, theoretically, they extract all stages, mobile and sedentary, and 
are not dependent on the behaviour of the animal or the condition of the 
substrate. A number of mechanical methods have been used to extract tabanid 
larvae and these include hand sorting, washing and sieving, used separately or 
in combination. For example, Stammer (1924) removed excess soil from 
samples by washing, whilst Cameron (1926) isolated larvae by washing the soil 
through a fine kitchen sieve. However he soon discarded this method as he 
found the time expended in treating even a moderate amount of soil was not 
warranted by the results. Instead he reverted to hand, sorting "with the help of 
an assistant" and was successful in finding large numbers of most of the 
tabanid species from the Canadian Prairie. Miller (1951) collected ground cover 
vegetation and the underlying soil, placed the material on a galvanised iron 
table top and hand sorted for larvae. In an attempt to locate larvae in their 
natural environment, Burgess et at (1978), picked through fist-sized pieces of 
turf from an area 12 feet square, eventually extracting 132 larvae. By placing 
small amounts of mud or soil on a screen made from galvanised mesh 
stretched across a wooden frame, partially submerging it in water and 
agitating it slightly, MacCreary (1940) was able to extract larvae from any 
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organic material that was present. Schomberg (1952) employed a similar 
device, aiding the operation with hand sorting. Wilson (1969) separated larvae 
from the soil ,  and organic matter by a washing-screening process, wherein 
water was sprayed on the soil from the bottom and top of the screens on 
which it was placed; Dukes et at (1974), also using this method, completed the 
process with a drying period. Lane (1976), describing the density and diversity 
of the immature Tabanidae in California, used hand sorting, sieve methods and 
drying to examine 3421 soil samples, yielding 1437 larvae and pupae of 15 
species. 
b)Chemical extraction. Southwood (1978) reviewed the use of potassium 
permanganate, orthodichlorobenzene and formalin for the extraction of insect 
larvae and earthworms. Bailey (1948) was able to extract 726 larvae of Tabar7us 
nigrovirtatus from 32 plots by applying "a few gallons of pyrethrum-
kerosene...: mixed in the field roughly at the rate of one quart of the 
concentrated emulsion to 7 or 8 quarts. One pail of this mixture was enough 
to treat five plots each a yard square". Unfortunately, "the spray kills 
Arthropods, also spiders, the numerous marsh amphipods, and such other 
insects as may be wetted usually succumb quickly". Similarly, larval mortality 
was reported by Wall and Jamnback (1957), and later Wall and Doane (1960), 
when using a New Jersey larvicide, (66.00% kerosene, 0.07% pyrethrins, 0.50% 
sodium lauryl sulphate, 33 . 50% water). 
c)Behavioural extraction. 
In this method, animals are made to leave the substrate by some stimulus, 
eg. heat, light (or a combination of both), and moisture. The major advantage 
over mechanical , extraction is that the equipment may be left unattended for 
hours whilst animals are expelled from the substrate. 
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The usual apparatus for expelling animals from soil substrate is the 
Berlese-Tullgren funnel which utilises heating and drying stimuli. The method 
incorporates a combination of the heated copper funnel designed by Berlese, 
and modified by Tullgren, who used a light bulb as the heat source. Samples 
are placed on a grid within a funnel and subjected to heat. A gradual 
temperature and drying gradient is established which causes the animal to 
retreat from the source, leave the substrate and fall into a collecting dish 
below. Such a method was used for the collection of tabanid larvae by Tashiro 
and Shwardt (1949,1953), Knudsen and Rees (1968), and Lane (1976). Teskey 
(1962) was able to bulk dry 12 square feet of soil at any one time by 
incorporating twelve Berl ese-Tullgren funnels into one drying unit. As many as 
200 tabanid larvae were obtained from one load of vegetable debris when 
placed in this apparatus. 
4.3.2. Method for extracting H.pluvialis larvae 
Several methods described in Section 4.3.1. have been used in the present 
investigation. Hand sorting was found to be disagreeable, laborious, time 
consuming and unproductive. Washing and sieving sods of earth believed to 
contain larvae was abandoned when it was realised that the flow of water 
required to remove the heavy soil from the sods was so great that small 
larvae were simply forced through the mesh. 
Chemicals were never used to extract larvae because Wall and Jamnback 
(1957) showed that the Berlese-Tullgren funnel extracted 86.9% more larvae 
than their New Jersey larvicide. They also reported the impossibility of rearing 
larvae extracted with chemicals. As it was the intention of this study to extract 
larvae for population studies and for rearing, the Berlese-Tuligren funnel was 
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considered the most efficient method. Therefore, a drying unit, similar to that 
of Teskey (1962), was designed for the purpose of extracting H.pluv/a/is larvae. 
The materials and method for construction of the drying unit are described 
in Appendix 1. Extracting the larvae Six sods (20x2Ocm) were cut to a depth of 
10cm using a sharp spade, from an area known to contain larvae (Section 41). 
Each sod was placed into an individual compartment of the drying unit and 
broken into four or five pieces, care being taken to lay each piece of 
vegetation uppermost. Once all the loose soil had fallen through, beakers of 
water were placed beneath each funnel. The lid was closed and the lights 
switched on. Total expulsion of the larvae was completed in 36 hours. Teskey 
(1962) recommends the washing of the sods before drying, but, in practise, 
this resulted in a trebling of the original drying time. Tashiro and Schwardt 
(1949), and Wall and Jamnback (1957) dried fresh sods as they were cut from 
the field quoting 5-7 days for complete expulsion of the larvae. By breaking 
the sods into pieces, this time can be cut by three-quarters. 100% expulsion 
was assumed from a 36 hour drying period since subsequent hand sorting of 
the dried material failed to produce any further larvae. 
Results Using two drying units over a period of two years, 661 larvae of 
Haematopota pluvia/is were isolated from 69 square metres, of old field 
pasture. 
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4.4. Rearing and, Culturing 
4.4.1. Introduction 
A damp environment is the natural habitat of tabanid larvae (See section 
4.2). One of the principal problems in rearing the immature stages has been 
how to simulate such an environment. Two rearing methods have been 
employed: 
Hine (1906) used vessels containing moist sand, covered with algae or 
leaves of water plants, while others have modified this method by using 
material from larval habitats. Cameron (1926,1934) used wide mouthed bottles 
filled with 'moist friable garden loam'. Isaac (1924) reared Tabanus rub/dus 
Tstriatu.,s and itenens in tilted glass, beakers containing fresh, clean river 
sand and water, whilst moist moss was considered the best substrate for 
rearing tabanid species by Miller (1951). In all cases, the recovery of larvae 
was achieved.by filling the container with water, shaking it gently, and floating 
the larvae to the top. 
Marchand (1917) reared larvae in test tubes filled with rolls of filter 
paper kept moist by a small amount of water in the bottom of the tubes. The 
tubes, however, needed daily attention to prevent desiccation, and corking 
caused asphyxiation. Roberts and Dicke (1964) described the use of plastic 
containers lined with filter paper. They noted a positive thigmotactic response 
from the larvae resulting in the larvae being located between the container 
wall and the filter paper. In addition, they noted a high larval mortality due to 
blocking of the anus with faecal material and/or incomplete ecdysis. They 
suggested that, in nature, both ecdysis and evacuation of the gut was assisted 
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by the mechanical resistance of the medium to the movement of the larvae. 
Roberts (1966) produced a clear agar which combined the needs of a damp 
environment and an aid to moulting and gut evacuation, whilst still allowing 
the larvae to be observed. His technique was used for nearly two years in 
rearing the larvae of four tabanid species. 
Mitzmain, in 1913, was the first to discover that tabanid larvae must be 
segregated for successful rearing. He records: 
"A lot of 415 larvae which hatched on November 12th  1912 was placed in a 
deep glass vial with moist lake-beach sand, and fed daily on angleworms. Each 
morning it was observed that only about one half of the worms supplied the 
previous day were eaten , so that with the daily fresh supply more than 
enough food was present. Another lot of 300 larvae, the same age as the 
preceding, were kept in individual glasses under similar conditions. On 
December 6th  (one month later), counts were made of the survivors in the 
large glass dish. 35 larvae remained, of which 18 were the maximum size, 11 
were a little more than one- half this size but equal to the largest found in 
the individual jars, and the remaining 6 larvae were so small as to be easily 
overlooked. The census taken of the larvae from the individual jars showed a 
loss of 12, or less than 5%. Allowing 5% for loss from other causes, it 
appeared that above 85% of the larvae kept together in the large jar were 
destroyed through cannabalism". 
Cannabalism was the main reason why Isaac (1924) only managed to rear 
five or six larvae from egg masses yielding over a hundred larvae. 
In the present investigation, larvae of H.pluvia/is were segregated, and then 
reared individually in containers filled with moist sand. Larval development at 
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various temperatures was examined since Cameron (1934) suggested the need 
for a period of freezing for full development, and that the later stages only 
occurred in the laboratory when the colonies were artificially frozen. Burgess 
et at (1978), however, questioned the necessity of freezing since well 
developed larvae were recovered from the soil after a mild winter. Similarly, 
the soil samples collected in this study were rarely frozen. 
4.4.2. Method 
An attempt was made to rear, a) Larvae from the field and b) Larvae from 
eggs deposited by captive flies, a) Larvae were recovered from sods which had 
been placed in the drying unit, (See Section 4.3). The tentorial rod (See Section 
4.1.) of each larva was measured and recorded using a calibrated eyepiece 
micrometer in a Binocular microscope (See Development; Section 4,5 and 4.6). 
Individual larvae were placed into single 30m1 Universal containers (Sterilin, 
cat. no. 128A), three quarters full of moist clean sand. Food was provided in 
the form of pieces of fresh earthworm (Cameron 1934). Each container was 
sealed with a screw top, previously punctured to allow for air flow, and 
labelled. The containers were placed equally amongst four regimes. 
20 °C and 18 hour light, 6hour dark per day, ii) 25 °C and 18 hour light, 6 
hour dark per day,. 
10 °C and 18 hour light, 6 hour dark per day, 
In outside conditions, where they were positioned 10cm below the 
ground with a covering of soil. 
Once a week each container was flooded with water, and the larva was 
recovered from the supernatant after the sand had settled. The tentorial rod of 
each larva was measured and the larva then replaced in its container with 
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fresh sand and food, and left undisturbed in its particular regime until its next 
examination. Thus for each larva, a measure of its growth together with the 
date of recording, was obtained (See Development, Section 4.6). 
b) Larvae emerging from eggs were segregated, after measuring the length 
of the tentorial rod of each individual. Moist sand was considered an 
unsatisfactory medium for the larvae of early instars, since the smaller larvae 
were extremely difficult to locate. Each larva was therefore placed on a layer 
of moist filter paper in a 4cm diameter Petri-dish and provided with sliced 
earthworms for food. The dishes were divided equally amongst the four 
regimes listed in (a) and examined daily; water and food were added when 
required. Once the third instar was reached, each larva was transferred to 
individual 30m1 Universal containers and provided with fresh moist sand and 
food, and then returned to its particular regime. Once a week, the container 
was flooded with water, the larva recovered and the tentorial rod measured. 
4.4.3. Results 
Unfortunately, after three months, a malfunction in the 10 °C room caused 
the temperature to rise to dyer 30 °C, causing the deaths of all the larvae in a 
very short space of time. It was decided to abandon the 10 °C programme as 
the constant temperature room was so unreliable and to continue with the 
remaining three. 
a) Over a two year period 661 larvae were collected from the field and 
individually placed into fresh moist sand in the 30m1 containers. None survived 
to pupation; no ecdyses were found and there was no measured increase in 
growth. Death occurred after 6 months in larvae kept in 'outside' conditions, 
after 3 months in larvae at 20 °C, and larvae at 25 °C succumbed after a few 
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weeks. 
b) 116 larvae from an initial batch of 140 (82.3%), were successfully reared 
from the egg to the third instar over a period which varied from 45 to 60 
days. Once the third instar was reached each larva was removed from the 
Petri- dish and placed into a 30m1 container. Within 4 months all the larvae 
were dead. 
4.4.4. Discussion 
The rearing of Hp/uv/a/is from egg to third instar was successful. The 
evacuation of the gut and moulting occurred when the larvae moved between 
the fibres of the paper. When the 3rd instar was reached the larvae were too 
large for the dish and so were transferred to Universal containers. In these 
30ml containers, there was a cessation of growth culminating in the death of 
the larvae within a few months. 
Rearing of tabanid larvae using containers filled with moist sand was 
reported by Isaac (1924). Similar methods were used successfully by Cameron 
(1926,1934), and Miller 	(1951). 	What, 	therefore, were the 	reasons for 	larval 
mortality in this study?. 
Food in the form of earthworm pieces was always available, and this, 
coupled with the presence of brown and red material in the larval gut, 
suggests that the nutrition was adequate. 
Neither Isaac (1924), nor Cameron (1926), reported the temperature at 
which they successfully reared their tabanid larvae. Miller (1951), however, kept 
larvae at temperatures which followed, as closely as possible, that of their 
natural environment (4.5 0C-21 0C). In the present study the effect of 
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temperature on larval development was examined at a constant 20 °C or 
25° C. These are temperatures that larvae of H.p/uvia/is are rarely, if ever, likely 
to meet in their natural environment. Nevertheless, the larvae reared on moist 
filter paper suffered no deleterious effects at these temperatures; mortality 
occurred when the larvae were transferred to the 30m1 containers. 
The size of the container appears to be extremely important. Cameron 
(1926) states "where a large number of cannabalistic larvae have to be 
handled, necessitating the isolation of each specimen in a seperate vessel, the 
size of the vessel and the space it occupies becomes an important 
consideration." In a later work, he was able to rear larvae of H.pluv/a//s in 
vessels six times the volume of the present 30m1 containers (Cameron, 1934). 
Roberts and Dicke (1964) indicated that ecdysis and evacuation of the gut 
were assisted by the mechanical resistance of the medium to the movement 
of the larvae. If the vessels containing the larvae were not large enough to 
allow the free movement of the larvae then mortalities would occur. 
Even with weekly watering, the humidity within one of the 30m1 containers, 
at temperatures of 20 ° C and 25 °C, must have been low. It is known that 
atmospheric humidity exercises a great affect on the vital processes of many 
insects (Seaton and Lumsden, 1941). It is now thought likely that the low 
humidities, produced as a result of the container size and the high 
temperatures, was a further factor in the death of the larvae in the 20 °C and 
25°C regimes. 
• Temperature and humidity would not have been such a contributory factor 
in. the loss of the larvae from the 'outside' conditions. It is suggested that 
death in this case was due to the small size of the container preventing 
complete ecdysis and causing the anus to seal with encrusted faecal material. 
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Unfortunately, this reasoning is purely hypothetical since there is no available 
evidence. 
To rear H.pluv/a/is successfully it is suggested, in retrospect, that: I). The 
humidity should be carefully controlled, particularly when examining the effects 
of various temperatures. 
The size of the holding container should be large enough to permit free 
movement of the larva. 
Early instars should be reared on moist filter paper in 4cm diameter 
Petri- dishes and then transferred to moist sand or to agar (Roberts, 1966) at 
the third instar. 
Food should be provided in the form of earthworms or muscid larvae at 
all stages. 
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4.5. Determination of Larval Development 
Since no Hp/uv/a/is larvae were reared in this study, the particular 
developmental stage to which field caught larvae had reached could not be 
ascertained from known-age larvae. Nevertheless, by referral to the work of 
Cameron (1934), where he applied Dyar's Law (1890) to his laboratory reared 
H.p/uv/a/is larvae, an estimate could be made of the stage of development of 
field caught larvae. 
4.5.1. Introduction to Dyar's Law 
In investigations on instar number, reference is usually made to the work 
of Dyar (1890), in which he makes two important generalizations. 
The sclerotized parts of insects do not change in area during a stadium; 
any increase in these areas during larval development will occur at ecdysis. 
The discontinuous or step-like increase in the dimensions of the 
sclerotized parts of insects during larval development usually takes the form of 
a geometrical progression. 
The second statement became known s Dyar's Law where he recommends 
the use of larval head measurements as the characteristic of each instar. 
From the first generalization it follows that any instar of a species can be 
characterized by a dimension of a sclerotized part of the body of any 
individual of that instar, provided the range of variation of the dimension 
among individuals of the instar does not overlap that of the preceding or 
succeeding instar. 
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Dyar's Law is evidently suited for the determination of the number of 
instars of larvae whose moults cannot be readily observed, or when particular 
instars are inaccessible. Peterson and Haeussler (1928) were probably the first 
to apply Dyar's Law for this purpose. Working with the oriental fruit moth, 
Grapho/itha mo/esta, they argued that if samples of larvae were removed from 
fruit at intervals during the development of a brood, each sample should 
contain representatives of one or more instars; and, if the samples were taken 
frequently enough, each instar should be well represented in the whole 
collection. Then, if the heads of all the collected larvae were measured, the 
measurements should fall into more or less discontinuous groups, each group 
representing one instar. The measurements when represented graphically 
should produce seperate peaks for each instar; the total number of instars 
being equal to the number of peaks in the diagram. 
Using this method, the number of instars of inaccessible larvae have been 
studied by Taylor (1931) and Metcalfe (1932). The method, however, has not 
always been successful. Metcalfe failed to determine the number of instars of 
the carabid beetle Sitodrepa panicea because the measurements did not fall 
into discontinuous groups and so many irregular peaks appeared in the 
frequency distribution. It is obvious that the method of Peterson and Hauessler 
will only give clear results when the insects being measured are fairly 
homogeneous in their rate of development and number of instars. If the 
population being studied is a mixture of individuals having n and n+1 instars 
and a corresponding difference in the rate of development, it might be difficult 
or impossible to interpret the frequency distribution. 
The 	ideal use 	of 	Dyar's Law would be 	for 	determining 	the 	instars 	of 
inaccessible or unknown age larvae, 	by reference to 	a 	known 	growth 	ratio 
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previously calculated from known-age larvae reared in the laboratory. 
4.5.2. Calculating the growth ratio 
Dyar's Law states that the width of the head of a larva in its successive 
stages follows a regular geometric progression. With a geometrical 
progression a straight line is produced by plotting the logarithms of the head 
measurements against the numbers of the instar. The equation of this line is 
log y = a + bx, where y is the width of the head capsule, x is the number of 
the instar, and b is the slope of the line or the logarithm of the growth ratio. 
Similarly, the growth ratio can be calculated as the mean ratio of increase 
between one instar and the next. Once a calculated growth ratio has been 
found that is in the best possible agreement with the observed measurements, 
it is usual to test whether the progression corroborates with the number of 
instars observed as Dyar's Law does not hold for all larvae. 
For example, Cameron (1934) calculated a growth ratio of 1.29 which he 
states is "in sufficiently close agreement with the figures of the average 
observed lengths to warrant the presumption that Dyar's Law is applicable to 
the larvae of Haematopota pluvia/is in all its stages, except the first". 
Contrastingly, Gaines and Campbell (1935), working with the corn ear worm, 
Heliorhus obsolete, calculated a growth ratio of 1.59 which indicated instars 
that did not exist. They suggested that growth ratios between 1.20 and 1.45 
were applicable to Dyar's Law but, above 1.50, the accuracy of the law 
becomes questionable. 
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4.5.3. The effect of food and temperature on the number of instars 
The literature shows that the number and duration of instars is variable in 
many species of insects and dependlargëly on environmental factors. Peterson 
and Haeussler (1928) found the number of instars of the oriental fruit moth 
varied between four and five, and was dependent on food and temperature. 
Extra moults were observed in B/ate//a german/ca, the German cockroach, 
when Seamans and Woodruff (1939) subjected them to a less nutritious diet; 
whilst Cameron (1934) noted pupation in H.p/uv/a/is after seven, eight or even 
nine moults. Isaac (1924) recorded seven or eight moults for Tabanus rub/dus 
and T.crassus, whilst Schwardt (1931) noted three to seven in T.//neo/a Four or 
five moults is usually the norm in this species; Schwardt explained the smaller 
of the two extremes by stating that "some larvae may have consumed their 
cast 	skins occasionally thus 	reducing the apparent number of larval 	stages." 
Cameron (1934) 	rejected 	this 	reasoning by 	noting that 	the mouthparts of 
tabanids render the larvae incapable of ingesting its cast skin; the more likely 
explanation, he continues, is that some moults were overlooked. 
As a result of environmental factors, the duration and number of instars 
can be variable, even within species, but this will not affect the growth ratio 
unless there are stationary or regressive moults. This condition however, has 
not been observed in tabanid larvae. 
4.5.4. Determining the instar number of Ijpluvialis using the method of 
Peterson and Haeussler (1928) 
Method 
The method of Peterson and Haeussler is described in Section 4.5.1. Twice 
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nonIk'j visits were made to Dalavich to obtain H.p/uv/a/is larvae. The tentorial 
rod (see Section 4.1) of each larva was measured and recorded for that 
particular month. The visits were repeated over a two year period from 
September 1983 to August 1985. 
Results 
A total of 661 larvae were recovered, their tentorial rod measured, and 
assigned to particular size categories. The number of larvae in each size 
category was then expressed as a percentage of the total larvae obtained for 
that month and recorded in Table 24. The percentages for each category were 
summed and a mean was produced. Figure 17 shows a histogram where the 
size categories have been plotted against their respective mean percentages. 
fl,,nnl, .enno 
If the larval population was homogeneous in its rate of development and 
number of instars, the expected histogram should form a series of separate 
peaks each represented by a single instar. The percentages, represented in 
Figure 17, produced irregular peaks. It was impossible, therefore, to determine 
the number of instars from the size categories examined. 
As was the case with Metcalfe (1932), it appears that the larval population 
must have been a mixture of overlapping age groups, a situation which 
renders the method of Peterson and Haeussler impracticable. 
4.5.5. Determining the growth ratio using the results of Cameron (1934) 
To determine the exact number of larval instars of the cleg, Cameron 
hatched a number of first stage larvae from a batch of eggs and reared them 
all in identical conditions. Through weekly examination he obtained, for each 
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Table 24 The frequency of tentorial rod sizes expressed as a percentage for 
each month. The percentages are summed and a mean produced for each rod 
size 
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Tentorial rod size 
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larva, a set of exuviae, together with the dates on which the moults occurred; 
from these data it was possible to determine the duration of the individual 
instars. In order to apply Dyar's Law, measurements were taken of the 
combined length of the tentorial rod and mandible (see Section 4.1 ) in the 
moulted head capsule. The average observed length of the tentorial rods of 
each larval instar are shown in Table 25 (except the first where the rods were 
absent, 0.16mm represents the linear dimension of the head capsule). 
If the average observed length, in successive stages, follows a regular 
geometric progression, then a straight line should be obtained when the 
logarithms of the tentorial rod measurements are plotted against their 
respective instar number (Figure 18). 
The line obtained has the equation y = -0.503 + 0.112x, where 0.112 is the 
logarithm of the growth ratio, the growth ratio thus being 1.29. 
The value of 1.29 was used to produce a calculated length for the tentorial 
rods of a particular instar. The results are reproduced in Table 25. 
If the calculated and the observed lengths shown in Table 25 are plotted 
against each other, a straight line with an r value of 0.99 (P<0.001) is 
produced. The two are not significantly different. It can therefore, be assumed 
that Dyer's Law is applicable to the larva of Haematopota p/uv/a//s in all its 
stages, except the first. 
4.5.6. Determining the instar of the larvae of H.pluvialis using Cameron's 
growth ratio 
It was shown in the last section that Cameron's growth ratio of 1.29 was 
applicable to the larvae of /-1.p/uvia/is, and was used to calculate the instar 
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Table 25 The length, in millimetres, and logarithm of the calculated tentorial 
rod measurements using the growth ratio 1.29, compared with the average 
observed values. (Data from Cameron, 1934) 
NurtDer of 	Calculated 	Log of 	Observed 	Log of 
in-star 	 length 	calculated 	lenyith 	observed 
length 	 length 
1 0.16 -0.80 0.16 -0.80 
2 0.50 -0.30 	, 0.50 -0.30 
3 0.64 -0.19 0.64 -0.19 
4 0.82 -0.09 0.88 -0.06 
5 	 1.05 0.02 1.28 0.11 
6 	 1.35 0.13 1.56 0.19 
7 	 1.74 0.24 2.00 0.30 
8 	 2.24 0.35 2.40 0.38 
9 	 2.88 0.46 2.95 0.47 
- 0.1 
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Figure 18 Graph showing log of the observed tentorial rod size against instar 
number. The resulting regression line was used to calculate the growth ratio. 
Regression equation y = -0.503 + 0.112x 
Log (Growth ratio) = 0.112 Growth 
ratio = 1.29 




number of the 661 larvae obtained from the field. 
A graph was produced showing the logarithm of the calculated tentorial 
rod size against instar number (Table 25 and Figure 19: ) and used to 
determine the range of tentorial rod sizes attributed to respective instar 
numbers. The results were recorded in Table 26. 
The data from Table 26 were used to determine the instar number of all 







Figure 19 Calculated log of tentorial rod size against instar number and the 




Table 26 The range of rod sizes assigned to a particular iristar number 
Range of 
tentorial rod sizes 	 Instar number 
(mu) 
—0.57 2 
0.57 - 0.73 3 
0.73 - 0.93 4 
0.93 - 1.20 5 
1.20 - 1.54 6 
1.54 - 1.97 7 
1.97 - 2.54 8 
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4.6. Larval Development and Seasonality 
4.6.1. Obtaining the larvae of Hpluvialis 
The method for obtaining the larvae has been discussed in Section 4.3.2. 
and 4.5.4. 
4.6.2. Determining the instar of the larvae of Hpluvialis 
The tentorial rods of all the larvae were measured, thus assigning an 
individual larva to a particular rod size category and, with reference to Table 
26, to a particular instar. 
Table 27 shows how the larvae were distributed amongst the rod size 
categories and instar numbers, and the variability of larval numbers from 
month to month. 
The results are summarised in Table 28; the occurence of a particular 
instar has been expressed as a percentage of the monthly larval total and is 
shown in parenthesis. The first instar, lasting 30 minutes or so before ecdysis 
(Cameron 1934), has not been found in the field so has not been represented 
in the tables. 
4.6.3. Results of monthly larval sampling 
661 H.p/uvia/is were recovered from twice monthly trips to Dalavich. 2.88m 2 
of soil were removed on each trip, to a depth of 15cm. Table 29 shows the 
number of larvae obtained per month and, consequently, the density of larvae 
per square metre. 
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Table 27 Larvae categorised into tentorial rod sizes and their respective instar 
number for each month of the study 
Tentorial rod size 
month 4.2 	.0 . 11 	 344 335 0.6 33.7 14 13.9 1.0 1.1 .2 1.3 	1.4 1.5 1.6 	1.7 	3.4 	1.9 2.0 	r 
S 3 	3 10 9 8 9 3 1 45 
o I 	4 13 14 7 30 3 3 I I 	58 
31 1 16 17 5 14 b 3 2 65 
O 2 6 11 3 1 1 34 
J 1 2 1 7 1 18 
E 3 1 2 3 1 8 
31 1 2 1 3 1 8 
A 2 1 2 I 6 
31 2 1 1 1 5 
3 1 1 2 2 1 - 10 
.3 2 3 5 1' 1 6 2 - 2 27 
A I 	 1 7 4 6 4 5 2 3 33 
1 0 	7 10 4 2 2 1 1 2 41 
o 34 	11 2 18 7 3 . 50 
N 1 16 36 14 8 4 2 4 1 66 
o 27 23 3 :1 	63 
6 12 4 1 3 31 
8 2 3 3 	16 
31 1 3 1 5 3 2 15 
A 2 2 3.7 
31 3 I 2 	11 
J 1 2 I 4 
3 2 1 5 4 2 2 	8 3 24 
34 2 4 2 6 4 4 26 
2 3 4 5 6 7 
Total n 661 
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Table 28 Monthly larval numbers attributed to instars. In parenthesis are the 
values expressed as percentages of the monthly total 
Month Instar 
2 3 4 5. 6 7 
S 14(31.1) 17(37.8) 12(26.7) 1(2.2) 1(2.2) 
1983 	0 18(31.0) 21(36.2) 13(22.4) 4(6.9) 1(1.7) 1(1.7) 
17(26.2) 22(33.8) 20(30.8) 3(4.6) 2(3.1) 1(1.5) 
D 2(8.3) 6(25.0) 14(58.3) 2(8.3) 
J 1(5.5) 9(50.0) 7(38.9) 1(5.5) 
F 1(12.5) 3(37.5). 3(37.5) 1(12.5) 
M 1(12.5) 3(37.5) 3(37.5) 1(12.5) 
A 2(33.3) 1(16.7) 2(33.3) 1(16.7) 
M 3(60.0) 1(20.0) 1(20.0) 
1984 	J 4(40.0) 3(30.0) 2(20.0) 1(10.0) 
J 2(7.4) 8(29.6) 2(7.4) 8(29.6) 6(22.2) 1(3.7) 
A 9(27.3) 10(30.3) 9(27.3) 5(15.2) 
S 27(65.9) 6(14.6) 3(7.3) 3(7.3) 2(4.9) 
0 22(44.0) 18(36.0) 7(14.0) 3(6.0) 
N 17(25.8) 30(45.4) 12(18.2) 2(3.0) 4(6.0) 1(1.5) 
D 27(42.9) 21(33.0) 12(19.0) 3(4.8) 
18(58.1) 10(32.3) 3(9.7) 
F 8(50.0) 5(31.3) 3(18.8) 
M 1(6.7) 4(26.7) 5(33.3) 3(20.0) 2(13.3) 
1985 	A 2(28.6) 2(28.6) 3(42.9) 
M 3(27.3) 3(27.3) 3(27.3) 2(18.2) 
J 1(25.0) 2(50.0) 1(25.0) 
J 2(8.3) 6(25.0) 4(16.7) 11(45.8) 1(4.2) 
A 6(23.1) 8(30.8) 1(3.8) 7(26.9) 4(15.4) 
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The larval density at particular times of the year is shown graphically in 
Figure 20. 
Discussion 
In both years, November, was the month with the greatest larval density at 
22.6 and 22.9 larvae/m 2 respectively. The peaks then declined to a low of 1.7 
larvae/m 2 in May 1984 and 1.4 larvae/m 2 in June of the following year. After 
these months there was a gradual increase in the larval numbers, reaching the 
peaks in November. 
In the published literature, maximum and minimum figures such as these 
are not unusual. Bailey (1948) reported 22.6 larvae/yd 2 I/rn2) for Tabanus 
nigrovittatu.s while Tashiro and 5c.kwardt (1949) found iquinquevittatus in 
densities of 12.5 Iarvae/yd 2 I/rn2), and as many as 120 larvae/yd 2 (/t 
I/rn 2) near the edge of small streams. The maximum number of T.su/c/frons 
found by Schomberg (1952) was only 4 per yd 2 (h..i4 l/m 2), and by Wilson (1969) 
only 9 per yd2 (ot..& I/rn 2 ); whilst Knudsen (1968) reported C/irysops disca/is in 
densities of 26.7 I/rn 2 and Lane (1976) found seven tabanid species, from an 
area of 21.3m 2, with a mean density of 15.3 larvae/rn 2 . Burgess (1978), working 
on H.pluvia/1s discovered 132 larvae in one 12ft 2 plot (36: I/rn 2). Similar 
densities to the tabanids have been observed in the muscid, Hydrotaea irritans 
where Robinson (1978) reported larval densities of 0.35-17.22 per m 2 . 
Most of " the figures quoted above were averages for the study period, 
which was often no more than a few days; there are very few cases in which 
long term studies on tabanid larval populations have been undertaken. The 
present work on H.p/uvia/1s where the fluctuations in monthly larval densities 
have been recorded, appears to be the first systematic study of larval 
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Table 29 Distribution of H.p/uv/a//s larvae 
Month 	 Number 	 Density (per m') 
S 45 15.6 
1983 	0 58 20.1 
N 65 22.6 
D 24 8.3 
J 18 6.2 
F 8 2.8 
M 8 2.8 
A 6 2.1 
5 1.7 
1984 	J 10 3.5 
J 27 9.4 
A 33 11.5 
S 41 14.2 
0 50 17.4 
N 66 22.9 
D 63 21.9 
J 31 10.8 
F 16 5.6 
M 15 5.2 
1985 	A 7 2.4 
M 11 3.8 
4 1.4 
J 24 8.3 
A 26 9.0 
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populations of this species. 
Returning to the results in this section, the increase in larval density during 
the summer would have 	been 	due to the 	introduction of young first 	and 
second 	instars 	to the 	population. 	The decline 	in 	larval numbers occurring 
during winter and spring were probably due to a number of factors. 
With the onset of winter, there will be a decrease in the available food 
supply. It is thought (see Section 4.6.4.) that H.p/uv/a//s does not diapause 
during the winter (but possibly during the summer) so will actively seek food 
at this time. If food cannot be found, many will starve. 
Larvae seeking food over large areas will undoubtedly encounter other 
tabanid larvae, particularly in areas of high larval density. Tabanid larvae are 
cannabalistic and will readily attack and kill other tabanids, reducing their 
numbers further. 
Tabanid larvae are known to survive freezing conditions (Cameron 1926, 
1934); however, long spells of cold weather will probably have some 
deleterious effects on the larvae. 
When larvae are weak they become more susceptible to parasites and 
predators, such as the crane fly (Tipulidae) and other tabanid larvae. 
No attempt was made to estimate the absolute larval populations within 
the study area because dispersion patterns and the availability of suitable 
habitat were not investigated. 
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4.6.4. Seasonalitv 
The monthly percentage values in Table 28, showing the occurrence of 
particular instars, have been plotted in a series of histograms, (Figure 21). To 
supplement these data a table (Table 30) was constructed giving the tentorial 
rod sizes, to 95% confidence limits, of the larvae obtained per month and the 
results recorded in Figure 22. 
Discussion 
In general terms it appears that larvae emerging in the summer develop to 
instar 4 or 5 by February, and then remain dormant until the following 
October; development then continues to produce the 7th instar by May of the 
following year, with pupation occurring soon after. 
Summer dormancy, or aestivation, can be of two types, either a diapause 
or quiescence. Diapause is a period of arrested growth and development which 
is an actively induced state involving a change in the neuro-endocrine system. 
It is brought about by environmental factors which, although signalling the 
approach of unfavourable conditions, are not, in themselves, adverse. 
Quiescence, however, is "directly imposed by adverse conditions and recovery 
occurs soon after these restrictions are removed" (Saunders, 1982). Most cases 
of quiescence occur as a result of drastic dehydration, particularly with insects 
which live and breed in ephemeral aquatic habitats. 
The environmental conditions experienced in the summers in the west of 
Scotland are by no means harsh enough to warrant a period of quiescence 
and it is, therefore, suggested that the larvae of H.p/uv/a/is undergo an 
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Table 30 The mean tentorial rod size per larvae per month and their respective 
95% confidence limits 
Month 	Larval number 	Mean tentorial 	95% confidence 
rod size (mm) limits 
S 45 0.66 0.06 
1983 	0 58 0.69 0.08 
N 65 0.71 0.06 
0 24 0.76 0.06 
J 18 0.93 0.06 
F 8 0.94 0.16 
M 8 0.73 0.14 
A 6 0.90 0.29 
M 5 0.86 0.39 
1984 	3 10 0.85 0.18 
J 27 0.96 0.12 
A 33 0.72 0.08 
S 41 0.56 008 
0 50 0.55 0.06 
N 66 0.71 0.06 
D 63 0.97 0.08 
J 31 1.07 0.10 
F 16 1.11 0.24 
M 15 .0.87 0.17 
1985 	A 7 1.54 0.40 
M 11 1.21 0.26 
3 4 0.83 0.19 
J 24 1.05 0.17 
A 26 0.82 0.10 
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Development of the larvae from 2nd to 4th or 5th instar was evident 
during the months of September through to February 1984 (See Figure. 21) and 
is shown as a curvi-linear increase in the size of the tentorial rods in Figure 
22. From March to August the 4th and 5th instars appeared to cease 
development and, as a consequence, it has been suggested, that these larvae 
were in a state of diapause. At the same time, the 6th and 7th instars, which 
were dormant the previous summer and developed through the winter, 
reached a stage where they could pupate. Furthermore, there was the 
introduction of 1st and 2nd instars to the population from larvae emerging 
from egg masses laid during the summer. This situation is more evident from 
Figure 22, where the increase in the 95% confidence limits, together with the 
near stationary mean, suggests an influx into the population of small instars 
and the development of the larger instars. The drop in the mean tentorial rod 
size during August and September also indicated an increase in the number of 
new larvae, coupled with the loss of the larger larvae through pupation. This 
increase in the larval population is clearly shown in Figure 20. 
Growth of all larvae occured from October to February; diapausing 4th and 
5th instars developed into 6th and 7th (See Figure 21), whilst the new larvae 
developed into 3rd, 4th and 5th instars and then diapaused over the next 
summer. The 6th and 7th instars continued to develop until pupation occurred 
around May. New larvae would be found in the population through May, June 
and July. . . 
These data therefore, suggest that H.pluvia/is is at least partially 
semi-voltine at Dalavich. The life history of the larvae is summarised in Figure 
23. 
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Figure 23 Summary of the life history of the larvae of H.p/uvia//s 
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fmperator(Corbet 1957), whilst, in tabanids, Schomberg ( 1952) reported a two 
year life cycle for Tabanus su/cifrons in Arkansas, U.S.A. Cameron (1934) also 
suggested from his laboratory rearing of H.pluv/aIis, that the larvae may be 
partially semi-voltine. The results presented in this section confirm this 
hypothesis, and consequently the following questions have arisen. 
(a) What is the stimulus for a summer diapause? 
Summer diapause has been reviewed in depth by Masaki (1980). It is 
induced by a physiological process which has been initiated by various 
environmental factors: 
Photoperiod - Long days and short nights can induce diapause; insects 
which have a summer diapause are known as "short-day" types. 
Temperature - This generally influences the photoperiod control of' 
summer diapause. High temperatures act in unison with a long photoperiod. 
Low temperatures prevent diapause. 
Moisture' - According to Masaki (1980), there is no evidence for direct 
participation of moisture in either the induction or termination, of diapause. 
Moisture however, could "control" quiescence, since dehydration is the main 
factor in its initiation. 
Availability of food - Lack of food resources can induce diapause. 
It is suggested here that the summer diapause of the larvae of H.p/uvialis 
is induced by an increase in the photoperiod, coupled with an increase in 
temperature. It is already known from this study that the larvae are confined 
to the top 15cm of soil and are most commonly found at the grass roots level 
(Section 4.3.3.), therefore, it is probable that they can detect changes in the 
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environmental light cycles and thus experience the inducing photoperiod. 
Diapause is perhaps further enhanced by rising temperatures, changes in soil 
moisture levels during the spring and the scarcity of food caused by the 
downward summer migration of earthworms (Sims and Gerard 1985). 
(b) What are the selective advantages of a summer diapause? 
Masaki (1980) lists the factors selecting for summer diapause as harsh 
environmental conditions, food supply, predation pressures, synchronizing and 
stabilizing effects and "bet-hedging" effects. 
Harsh environmental conditions may be discounted since the extremes 
required are never experienced by larvae of H.p/uvia/is in the west of Scotland. 
Similarly, predation pressures may be excluded as they occur primarily from 
their own kind. 
It is the opinion of this author that the selective advantages are twofold. 
Firstly, 	there 	is 	less food 	available during 	the summer as 	a 	result of the 
downward 	migration of 	earthworms. Secondly, by 	undergoing 	a 	summer 
diapause, larvae are "bet-hedging" against environmental fluctuations. The 
adults emerge in the summer and, in the west of Scotland, it is not unlikely 
that the summer will be cold and wet (for example, 1985), thus reducing adult 
activity. Autogeny is one means of overcoming this (See Section 2.6); the 
other is to be semi-voltine with a summer diapause, allowing a proportion of 
the H.p/uvia//s population to lie dormant for, possibly, a more favourable 
second summer. 
As a consequence of the summer diapause the larvae are synchronized at 
instar 4 or 5. In the autumn the diapause breaks and larval growth resumes. 
The fluctuations in winter temperature will cause variation in the rate of 
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growth which is expressed in the date of summer emergence. Since the 
summer weather fluctuates from wet to dry and from hot to cold, emergence 
throughout the season will ensure that some of the population experiences 
favourable conditions. 
(c) Why are the larvae of H.pluv/a//s partially semi-voltine? 
The complete life history of Camerons' (1934) laboratory reared larvae 
occupied an average of either 343 or 640 days (70% of the 14 individuals were 
semi-voltine). - 
It is suggested that a small percentage of larvae emerging from eggs laid 
early in the season can complete their development in one year, if they pass 
through the 4th and 5th instar before the diapause-inducing conditions occur. 
Those emerging in the middle and towards the end of the season do not 
develop past this stage and will diapause through the summer. If there was no 
cessation of development, these larvae would be ready for emergence in the 
autumn, many months after the end of the season (i.e. an 18 month larval life 
history). 
Miller (1951) established that some of the Tabanidae species in the region 
of Churchill, Manitoba (Latitude 60 0) ( 10 Tabanus spp., 5 Chn,'sops spp. and 1 
Aty/otus sp.) overwinter in the larval stage and that most had at least a three 
year life cycle. Further south. Schomberg (1952) noted that T.sulcifrons had a 
1-2 year life cycle in Arkansas (Latitude 350), whilst Schwardt, in the same 
region, reported two generations of T./ineo/a per year. In Pusa, India (Latitude 
25 0), Isaac (1924) suggested that icrassus and T.str/atus were capable of 3 
generations per year. 
Since it is now known from this study that H.p/uv/a//s is partially 
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semi-voltine in the West of Scotland, it would be interesting to discover 
whether the life cycle of the fly was extended to three years or reduced to 
one year at its northern and southern extremes respectively. Further research 
is required to verify this hypothesis. 
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4.7. Summary 
The feeding habits of the carnivorous and predacious H.p/uvia/is larvae 
are described. 
The larvae inhabit uncultivated meadowland in areas of high adult 
activity. Distribution is restricted to the top 15cm of topsoil. 
Extraction of the larvae for population studies was achieved using a 
drying unit, based on the Berlese-Tullgren funnel. 661 H.p/uv/a//s larvae were 
expelled over a two year period; the tentorial rod of each larva was measured. 
No larvae were reared. In retrospect, a suggested method for rearing and 
cultivating the larvae is described. 
The developmental stages of field-caught larvae were determined using 
Cameron's (1934) application of Dyar's Law (1890). 
Larval numbers peaked in November of each year, when densities of 22.6 
and 22.9 larvae/m 2  were observed. The numbers then declined to a low of 1.7 
and 1.4 larvae/m 2 in May 1984 and June respectively. 
It is suggested that the species is at least partially semi-voltine, 
diapausing in the 4th or 5th larval stage in the first summer. The selective 
advantages for a summer diapause are discussed. 





The pupa is the least documented of all the stages in the life history of 
Tabanidae, due primarily to their short duration and to the difficulties involved 
in finding them in the field (Schwardt 1931, Chvala et al 1972). Most records 
have involved descriptions of the pupa in the laboratory, whilst rearing the 
adults from the egg or the larval stage and these are reported in the following 
text. 
Hine (1906) described the pupa of five species of Tabanus reared in a 
laboratory in Ohio. Their length varied from 18mm to 32mm, and all were dark 
brown in colour. Schwardt (1931) noted that the pupa of T.I/neola, measured 
14mm long and were white when they first appeared but changed to dark 
brown within a few hours. The pupa of H.pluvia//s was described by Cameron 
(1934) as being 13mm long and rusty yellow in colouration; it is shown in 
Figure 24. 
5.2. Prepupal stage 
The prepupal phase persists, at least in the Canadian tabanids (Cameron 
1926), for 24 hours, during which time the external features of the pupa were 
readily observed as they developed within the translucent' integument of the 
final larval instar. When ecdysis was about to take place, the pupa pressed 
forward inside the larval skin and caused a longitudinal split to appear wich 
allowed the pupa to escape. 
167 
Figure 24 Pupa of H.pluvia//s Female ventral aspect (x15) (From Cameron. 1934) 
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5.3. Duration of the pupal stage 
Cameron (1926) stated that the period of pupation in Canadian tabanids 
was very brief, not extending beyond 2 weeks. He noted that for most species, 
there was a degree of variability in the pupal period ranging from 6 to 14 
days. Since the pupal development was observed at a constant 70 °F he 
concluded that factors other than temperature controlled the rate of 
metamorphosis. Sch';wardt (1931) however, recorded the development of 
T.taenio/a from 5 to 16 day and suggested that the duration of pupation was 
directly influenced by temperature, high temperatures hastening the 
development. It is therefore probable that, in the natural environment, 
temperature would be the dominant factor controlling the pupal period but, as 
Cameron (1926) suggested, it may not be the only factor. 
5.4. Emergence of the adult fly 
Prior to emergence, the tabanid pupa actively crawls to the surface of the 
soil or to the upper layers of the grass, aided by the backward projecting 
bristles on the posterior borders of the abdominal segments (Mitzmain 1913, 
Miller 1951, Chvala e/ al 1972, Burgess et al 1978). The actual act of 
emergence in T.striatus was described by Mitzmain (1913). He stated that "The 
puparium (sic) is unrolled from the head, compound eyes exposed to view. The 
appendages, antennae, palpi and mouthparts are dimly visible. The head 
appendages are freed primarily by the spasmodic wriggling of the abdomen. 
The labellum, which is seen to become turgid and flaccid in turn by the 
injection of air into, and withdrawal of air from, the extensive tracheal sacs 
which lie in its cavities also assist in the process the puparium splits on the 
median line of the thorax, simultaneously the hood enveloping the head drops 
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by a sternal hinge. The labellurn can be seen still pressing upon the interior of 
the hood as the head emerges. Within a minute the wings are rent from their 
envelopes by the sturdy pressure of the legs, which have slid out of the 
sheaths, simultaneously with the clearage of the thorax. The legs directly 
assume their normal position and the fly walks forth, bodily spreading its 
plicated wings. Finally the inflated abdomen appears in the dorsal slit and at 
once is drawn clear of the encumbering puparium. The whole process requires 
less than 2 minutes." 
According to Mitzmain (1913) the head was the first appendage to appear, 
yet in the Tabanus spp. of the Churchill area, Manitoba (Miller 1951), T.taen/ola 
in Egypt (Hafez et at 1970) and H.p/uv//a/s in the West of Scotland (Cameron 
1934), the thorax of the adult appears first followed immediately bythe head K 
and the mouthparts. 
Once extruded from the puparium, the adult tabanid spends the time 
before flight in a clearing process, beginning with a copious discharge of pale 
brown meconium within 3 - 5 minutes of emergence. The defaecation 
continues for about 20 minutes, becoming more watery in character. In the 
meantime the fly walks about in a restless manner constantly vibrating its 
wings, whilst the distended abdomen reduces to normal proportions. Voluntary 
flight occur.) 20 - 30 minutes after emergence, tentatively at first, flying no 
more than a metre, but after a few minutes the fly is able to escape (Mitzmain 
1913, Hafez et at 1970). 
5.5. Summary 
1. The prepupal stage, the duration of the pupal stage and the emergence 




Although the common cleg, Haematopota p/uv/aIis is not considered to be 
of real medical importance in the United Kingdom, the significance of this fly 
to livestock and man can be classified under three categories, namely: 
The female feeds off animals and man, with -damage occuring, not only 
from the fact they imbibe blood, but from the nuisance and disturbance they 
cause. On hot summer days in the West of Scotland, the cleg is a nuisance to 
the human population, spoiling many tourists enjoyment of the outdoors -. On a 
number of occasions, forestry workers have had to cease work and take 
shelter from the host-seeking fly. In fact, accidents have occurred in the 
lnverinan Forest whilst felling, as a result of the men being disturbed and 
side-tracked by the action of the flies. In the present study, large numbers of 
H.p/uvia/is have been observed on animals. On one instance, 95 female 
H.p/uvia/is were removed from one pony in the space of 20 minutes as they 
alighted to teed. The animal showed distinct signs of nervousness, for 
example, blinking eyes, tense muscles and switching of tail. In extreme cases, 
grazing cattle no longer increase in weight and eventually there is a decrease 
in their milk production . In fact, in the USSR , Minar et al (1979) noted that 
attack by horseflies on dairy cattle accounted for losses between 10 and 40% 
in the milking capacity and losses of 20 to 40% in the increase in weight of 
young cattle. 
Various species of Diptera have been found clustering about the 
wounds caused by the feeding cleg, for example, the sheep headfly, Hydrotaea 
irritans This particular association may be of considerable importance in the 
transmission of summer mastitis as many bite wounds have been found on 
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the teats of infected cattle (Berlyn, 1978). 
(c) Through the nature of their feeding habits, the cleg has the potential to 
transmit parasites. Wells (1972) isolated the non- pathogenic trypanosome, 
Tiypanosoma the//en from the adult female stages of H.p/uv/alis in the United 
Kingdom. T.tfle//erf is a member of the Stercoraria group, whereby transmission 
is contaminative (Smyth, 1976). The fly feeds on an infected animal, if 
disturbed the fly moves to another host and continues feeding. Within a few 
minutes, defaecation -occurs (See Section 2.4.3.), and with it, the expulsion of 
the trypanosome. The host may lick the wounds, resulting in the intake and 
therfore, transmission, of the trypanosome. The fly was also known to act as a 
mechanical vector for Tularaemia and anthrax under European conditions 
(Chvala et at 1972). 
On examination of the available literature on the life history and ecology of 
the common cleg, it was surprising 	to 	find that 	until the work of Cameron 
(1934), the biology of no species of Haematopota had previously been studied 
either in Europe or elsewhere. His work described the egg, larval and pupal 
stages arising from eighteen female Haematopota pluvia/is caught in the 
summer of 1930 and 1931 in the moorland, hill and farm areas around 
Edinburgh, Scotland. The only other work on this British tabanid was 
performed by Burgess et at (1978,1979), when an attempt was made to reduce 
the number of clegs on an Army training camp in Pembroke, Wales, using 
coloured panels coated with a non- drying adhesive. These authors, however, 
failed to consider the ecology and life history of the insect. The present study 
has been successful in expanding the work of Cameron (1934) particularly with 
reference to the field ecology of the larval and adult stages of H.p/uv/aIis and, 
as a consequence, discovers and reports inaccuracies in the work of Burgess 
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et at (1978, 1979). 
It has been found that adult females of H.p/uv/a/is oviposit throughout the 
flight season from the end of May until the end of August. Like all Tabanidae, 
an egg mass is produced. This will vary in size depending upon the size of the 
fly, and the amount of nutrients imbibed or stored by the fly (Magnarelli and 
Stoffolano, 1980). The larvae of H.p/uv/a//s hatch 8 to 12 days after oviposition, 
with the length of development dependent upon the temperature. Cameron 
(1934) noted an incubation period of 10-12 days for the cleg, but this could be 
reduced to 6-8 days by increasing the temperature by a few degrees. In more 
southern regions, the incubation time for tabanids is further reduced, probably 
as a result of higher field temperatures. For example, in India, Tabanus crassus 
has an incubation period of 5-7 days (Isaac, 1924), in Arkansas this was 3-4 
days for T.//neo/a (Schwardt, 1931) and 3-5 days for T.str/atus from the 
Phillipines (Mltzmain, 1913). 
Emergence of the larvae from one egg batch occurs en masse throughout 
the period May to August. It is believed that those emerging at the beginning 
of the season will emerge as adults the following summer, but that the bulk of 
the population will remain in the larval stage until the second season, having a 
summer diapause during the first. This situation indicates that the species is 
partially semi-voltine (See Section 2.6); and contradicts the statement by 
Burgess (1978) that the eggs of H.pluv/aI/s would develop into adults the 
following summer. In the Canadian Prairie, many of the Tabanidae are also 
semi- voltine, but unlike H.p/uvialis which diapauses during the summer, the 
Canadian species diapause between November and March/April. It was thought 
that this was a direct result of the soil freezing between those months. In the 
west of Scotland the soil rarely, if ever, freezes and does not inhibit the 
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development of the larvae (See Section 4.6). 
Unfortunately no larvae were reared in this study due to complications in 
laboratory maintenance. As a consequence, larvae were removed every two 
weeks throughout the year from sites around the field station. Cameron (1926), 
examining tabanids from the Canadian Prairie, found a great variation in the 
degree of maturity of the larvae from the same species collected under similar 
conditions on the same date and this was attributed to differences in the time 
of hatching and the rate of growth of the individual instars. A similar situation 
was found with H.p/uv/a/is in this study giving further credence to the 
semi-voltine situation. Cameron (1934) laboratory reared the larvae from the 
egg to the adult stage, noting the size of the tentorial rod at each instar. In 
this investigation, Dyars' Rule was applied to his results (See Section 4.5) to 
determine the developmental stage of all the field caught larvae. No larvae 
developed beyond the 7th stage, a result which was consistent with the 
results of Burgess (1978) after he searched and found 132 larvae, none further 
than the 7th stage. Cameron (1934) managed to rear 9 instars in the 
laboratory. The extra moults were probably due to rearing the larvae in 
conditions which were less than optimal (Seamans and Woodruff, 1939). 
Larval numbers were at their greatest in November, then dropping to a low 
in May of the following year. The increase during the summer was attributed 
to the appearance of newly emerged larvae (See Section 4.6). 
Various sites were investigated for the presence of the larvae, and it was 
shown conclusively (See Section 4.2) that they were confined to the top 15cm 
of damp soil in areas where long grass was the predominant vegetation. These 
results were comparable with the findings of Bailey (1948) with T.nigrov/ttatus 
and those of Dukes et al (1974) for Chrysops fu/ignosus and T.nigrov/ttatus 
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The latter believed that the uniform moisture content of the damp soil 
favoured the free movement of the larvae. It is considered that H.p/uv/a/is is 
prevalent in the west of Scotland and in Wales because these areas provide 
the most favourable breeding sites, ie. damp uncultivated rreadowland, and 
experience a higher rainfall than the rest of the country. 
No pupae were found in the field or produced in the laboratory. Cameron 
(1934) described the morphology of the pupa but gave no reference to its 
duration in the United Kingdom. In 1926 however, he reported that the pupal 
stage of some Canadian tabanids was very brief, not extending beyond 2 
weeks. He also noted that for most of the species, there was a degree of 
variability in the pupal period that ranged from 6-14 days. Schwardt (1931) 
recorded that the development of the pupa of T.taen/o/a ranged from 5 to 16 
days, with the variability dependent upon temperature. 
Burgess et al (1979) stated that "in the natural environment the ratio of 
male to female H.p/uv/aI/s is about 1:9". They did not specify whether this was 
the primary or field ratio. They described the occurrence of the immature 
stages in the field (Burgess et al 1978), but made no mention of rearing the 
larvae to their adult stage. As a result, the primary or emerging ratio could not 
have been calculated. In the field, their adhesive traps attracted only host 
seeking females, consequently, a "field ratio" determined from these catches 
would have been erroneous. From the available literature, there is no evidence 
to justify their statement. 
The males of H.pluvia//s hover in swarms, and one will mate with a female 
as she enters the swarm (Cameron, 1934).. This phenomenon appears to be 
consistent with the situation in most tabanids, for example, Hybomitra cincta 
(Bailey, 1948), T.bishoppi (Buckle, 1959) and Chrysops at/anticus (Anderson, 
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1971). 
Females of H.p/uv/a/is have been found to be obligatorily autogenous and 
consequently, during the first gonotrophic cycle, do not seek a blood meal. It 
is thought that some of the nutrients and energy required for the development 
of the eggs and for the flies own sustenance come from reserves carried over 
from the carnivorous larval stage. In addition, Kniepert (1980) showed that 54% 
of the tested females had nectar sugars in their gut. He 'stated that the 
acquisition of sugars may be essential for tabanid survival during the summer, 
and may help in providing nutrients during the 1st gonotrophic cycle. 
Females were found resting in Druimdarroch meadow (See Map2). When 
these were dissected to determine the state of ovarian development (See 
Section 2.6) and therefore the age structure of the population, they were all 
found to be nulliparous and in various stages of development. The females 
from the meadow had been fertilised and were in the process of their 1st 
gonotrophic cycle. 
After the first oviposition the female begins its host seeking and feeding 
activity. It is these flies which are attracted to and caught by the adhesive 
traps. They are attracted to trap colours which offer the best visual contrast 
with the background (See Section 2.3). Orientation to a host is further 
enhanced by the flies attraction for CO2 (Roberts 1971,1972,1975, 1977) and to 
movement (Raybould 1967). 
Grey adhesive panels, coated with a non-drying adhesive, were used to 
sample the flies for daily and seasonal abundance. Once captured, the females 
were dissected to reveal their ovaries, and thereby to determine their state of 
development. All the flies had follicular relics and were in a dormant stage 11 
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(Christophers, 1911; Mer, 1937). The species is therefore regarded as 
obligatorily autogenous. This result contradicts the statement made by Burgess 
- et aL (1979) when they assumed that the female required a blood meal before 
ovipositing. A dormant stage in the ovarian development was also seen in 
H.pluvia/is found in the Swiss Jura (Auroi, 1982) and in many other tabanids, 
for example, T.nigrov/ttatus in New York State (Stoffolano and Yin, 1983), and 
C.fu/ignosus in New Jersey (Rockel, 1969). 
The act of feeding in the female H.p/uv/alis is described (Section 2.4) and 
may take anything from 2.5 minutes to 23 minutes with an average duration of 
7.5 minutes. The fly may be disturbed many times by the switching of the 
host's tail or twitching of its muscles, but it will return or move to another 
host until replete. It was thought that the fly will rest close to the host whilst 
her eggs develop. The life history of H.p/uvia/1s the common cleg is 
summarised in Figure 25. In the laboratory, the ovarian development was 
mapped by dissecting females every day, after feeding on Day 0, and 
examining their ovaries. Their ovarian development showed a curvi-linear 
increase until oviposition on the 10th or 11th day post feeding (at 20±3 °C). At 
higher temperatures, the development time is likely to be shorter, and longer 
at lower temperatures. These laboratory results were used to determine the 
stage of ovarian development in all field-caught females. 
The daily and seasonal activity of host-seeking females was determined 
from hourly and daily collections using the adhesive panels. Fly activity in an 
open area began around sunrise and continued until a few hours after sunset, 
with a peak of activity between 14.00 and 16.00 hours. The diurnal activity was 
correlated with meteorological conditions, temperature, wind speed, 
































































































































































Richardson and Wilson (1969) recorded diurnal activity in Tn/grov/ttatus, 
beginning around 09.00 and continuing until 19.00 hours; a similar situation 
was seen with 1//neola (Schwardt, 1931). In each case temperature appeared 
to be the most important factor. In fact Auroi and Jaccottet (1983), working in 
the Swiss Jura, stated that temperature and relative humidity were the most 
significant factors affecting the activity of H.p/uv/a//s Thorsteinson at at (1965), 
and later Sheppard and Wilson (1977), showed that tabanids in general 
preferred open areas which accumulated heat and, indeed, Thorsteinson (1958) 
based the design of his Manitoba trap on the attraction of the horse fly, to 
heat. 
The flight season of H.p/uvia//s began in early June and continued until the 
end of August, with the day-to-day. activity being affected by temperature, 
wind speed, illumination, humidity and heavy rain. These results compare 
favourably with other tabanids from temperate regions, particularly 
Tn/gm v/ttatus (Hansens, 1947), Tquinquev/ttatus (Tashiro and Schwardt, 1953; 
Thompson and Pechuman, 1970) and Tsuc/frons (Tashiro and Schwardt, 1953). 
This study, which has involved extensive field and laboratory studies on 
the adult and larval stages of H.p/uv/a//s, has examined the seasonal and daily 
activity, sampling techniques, the age structure of the population and 
correlated the fly activity with meteorological conditions. The results now 
enable comparison to be made with other tabanids elsewhere in the world. In 
particular, it has shown that the biology of Haematopota pluvia/is is very 
similar to that of the North American Tabanus nigrovittatus 
It should be considered that this study is a grounding for future research 
where questions which have arisen from this work could be answered. These 
may include, (a) what are the endogenous factors (if any) which results in the 
179 
diurnal occurrence of the fly? (b) rearing the larvae in the laboratory, (c) how 
would variations in light period and intensity and temperature affect the larval 
durations? (d) is the life cycle of the fly extended to three years or reduced to 
one year at its northern and southern extremes respectively? and (e) what is 
the life history of the males? 
It is hoped that further work will be undertaken to increase our knowledge 
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Appendix 1 
Materials and method of construction of the drying unit. Section3.4.2. 
1/2" plywood 70x125an. 
1/2" plywood 122x27cm. 
1/2" plywood 	27x70an. (x2) 
1/2" plywood 67x27an. (x2) 
1/2" plywood 125x27ari. (x2) 
1/2" chicken wire 67x250an. 
Industrial funnels 31cm diameter. (x6) 
Plastic washing--up bowl, base 30cm diameter. (x6) 
Polystyrene packing for insulation. 
1/4" plywood 130x75cm. 
1" Insulating foam 130x75an. 
Silver foil 13005cm. 
60W light bulb. (x6) 
Light socket. 	(x6) 
2x2" lumber, 30cm long. (x4). 
Construction 
The base was made by cutting six holes of 31cm diameter in the 70x125cm, 
1/2" plywood, (see Figure 3.4.2.). The frame of the drying unit was built 
using the two 27x70cm and the two 125x27cm, 1/2" plywood. Before fixing the 
base to the frame, 6 industrial funnels were inserted through each of the six 
holes cut in the base. The 1/2" chicken wire was doubled to produce a 1/4" 
mesh which was attached over the base and funnels. The base was then fixed to 
the frame. Compartments were made around each funnel by dividing the unit into 
six using the 122x27an and the two 67x27cm, 1/2" plywood.The plastic basins, 
with their bottoms cut out, were then fixed into each, compartment; any spaces 
remaining were filled with polystyrene insulation. The whole apparatus was 
supported on four legs each 30cm long and made of 2x2" lumber. 
The lid was made from the 130x75cm, 1/4" plywood adhered to 130x75cm, 1" 
insulating foam.The inside was lined with a layer of aluminium foil. 
Six holes were made in the lid so that light sockets 
could be positioned over the middle of each compartment. Six 60W light bulbs 
were fitted once the sockets had been wired to electic plugs. The lid was 
supported 1cm. above the unit by attaching four pegs, of 1cm. height, to each 
corner. The space provided aided circulation and the removal of moisture. 
The inside of the unit was painted white 
Appendix 2 
Meteorological Monitoring Equipment. 
Data Logger 
A 12 channel Microdata miniature incremental data logger (Model 200) 
was used to record onto magnetic tape the output from the monitoring 
equipment. The results were later translated into "real" values corresponding 
to each hourly period of the 24 hour experiment. 
Air temperature 
Air temperature values were obtained from the dry bulb thermometer of 
a miniature psychrometer unit. 
Humidity 
The air temperature measured from the wet bulb of the psychrometer,  
unit was used to calculate the depression between the dry bulb and wet bulb 
and thereby the relative humidity. 
Wind speed and direction 
For wind speed, a rotating cup anemometer was used. The anemometer 
was calibrated in a wind tunnel. Wind direction was determined using a wind 
vane with a response threshold of 0.6m/s, 
Illumination 
Light level were measured using selenium photo-cells, and calibrated 
in micro-einsteins m /s using a quantum sensor. 
Appendix 3 
List of data for the eight 24 hour experiments conducted over the 1983 and 
1984 seasons. 





Dirn 	const const const 
C) (%) 	(m/s) 	(e/m /s) 
0.30 01 12.04 89.77 0.50 8329.8 063.94 10 1 1 0 
0.48 02 14.38 81.86 0.80 0480.88 115.23 11 1 1 0 
0.00 00 16.19 71.90 0.89 0497.26 085.98 12 1 1 0 
0.00 00 18.20 62.94 1.58 0765.80 114.05 13 1 1 0 
0.48 02 18.09 62.36 1.61 0609.93 116.20 14 1 1 0 
0.00 00 19.18 58.51 2.15 0730.71 125.20 15 1 1 0 
0.48 02 19.93 54.91 2.42 0846.75 134.97 16 1 1 0 
0.48 02 19.54 57.00 1.99 0593.79 138.00 17 1 1 0 
1.00 09 19.47 57.27 2.17 0528.50 153.50 18 1 1 0 
0.30 01 19.55 57.50 1.71 0460.41 135.15 19 1 1 0 
0.00 00 17.44 65.84 0.93 0172.93 134.60 20 1 1 0 
0.00 00 15.07 83.59 0.53 0037.49 132.94 21 0 1 0 
0.00 00 13.63 87.25 0.67 0010.76 106.55 22 0 1 0 
0.00 00 12.02 93.18 1.16 0009.11 173.42 23 1 0 0 
0.00 00 15.19 76.23 1.87 0032.20 076.08 07 0 1 0 
0.00 00 15.45 76.13 2.63 0068.50 063.64 08 0 1 0 
0.00 00 14.47 86.20 1.47 0022.43 079.00 09 0 1 0 
0.00 00 14.47 87.62 1.41 0044.19 076.49 10 0 1 0 
0.00 00 11.73 67.59 1.43 0652.98 108.70 08 1 1 0 
0.00. 00 12.30 59.92 1.00 0669.18 105.55 09 1 1 0 
0.48 02 14.30 51.42 1.67 1011.49 074.34 10 1 1 0 
0.48 02 15.11 47.46 1.82 0995.24 072.40 11 1 1 0 
0.00 00 16.11 45.87 1.97 1115.63 065.80 12 1 1 0 
0.60 03. r6.78 45.13 1.94 1145.37 070.24 13 1 
0.90 07 16.24 45.47 1.20 0780.12 099.38 14 1 1 0 
0.78 05 16.50 44.82 1.78 0695.57 124.57 15 1 1 0 
0.90 07 17.92 42.17 1.26 0807.93 097.17 16 1 1 0 
0.48 02 17.00 45.43 2.91 0685.21 170.78 17 1 1 0 
0.00 00 16.99 46.27 2.81 0680.85 192.77 18 1 0 0 
0.00 00 16.51 49.93 2.65 0413.04 189.30 19 1 0 0 
0.48 02 15.80 52.96 2.43 0284.04 193.14 20 1 0 0 
0.00 00 14.13 58.97 2.19 0100.52 200.18 21 1 0 0 
0.00 00 11.32 71.28 1.14 0019.95 189.50 22 1 0 0 
0.00 00 08.91 82.72 0.93 0009.68 178.59 23 1 0 0 
0.00 00 08.15 85.25 0.48 0252.09 140.09 07 0 1 0 
0.00 00 11.48 71.61 1.00 0510.82 134.80 08 0 1 0 
0.00 00 12.59 63.65 2.16 0719.36 189.42 09 1 0 0 
0.00 00 14.02 57.62 2.20 0915.29 188.90 10 1 0 0 
1.18 14 23.81 70.25 0.83 0833.19 083.83 10 1 1 1 
0.95 08 24.37 67.68 1.44 0929.71 075.47 11 1 1 1 
1.08 11 26.51 62.46 1.43 1018.75 073.07 12 1 1 1 
1.30 19 27.54 59.15 1.49 1053.07 084.42 13 1 1 1 
1.08 11 28.85 54.14 1.07 1012.24 091.20 14 1 1 1 
1.57 36 29.48 51.32 1.11 1001.11 092.45 15 1 1 1 
1.46 28 28.11 59.49 1.16 0835.05 117.35 16 1 1 1 
1.56 35 28.32 57.78 0.93 0729.67 114.89 17 1 1 1 
1.63 42 27.52 62.26 1.18 0707.37 181.45 18 1 0 1 
1.62 41 26.70 64.13 1.55 0549.83 203.39 19 1 0 1 
1.41 25 25.45 67.38 0.95 0304.66 192.18 20 1 0 1 
1.51 31 22.02 86.39 0.67 0103.02 205.35 21 1 0 1 
1.00 09 19.35 94.13 0.93 0027.68 194.17 22 1 0 1 
0.48 02 1.7.54 97.08 1.02 0009.73 208.39 23 1 0 1 
0.30 01 16.88 97.51 0.61 0177.20 158.20 07 1 1 1 
iv 
0.48 02 18.95 93.68 0.67 0333.67 110.50 08 1 
1.51 31 21.04 86.06 0.91 0525.66 081.27 09 1 
1.69 48 23.63 75.16 1.18 0807.76 081.29 10 1 
0.48. 02 11.82 88.21 1.03 0132.33 169.42 08 1 
0.60 03 12.83 78.70 1.06 0435.09 178.00 09 1 
0.60r 03 13.79 75.50 1.09 0654.74 119.87 10 
0.60 03 15.52 69.50 2.17 1121.05 120.07 11 1 
0.85 06 16.58 65.42 2.15 1236.36 117.05 12 1 
1.28 18 17.73 63.67 2.38 1268.16 123.04 13 1 
1.11 12 17.92 63.23 2.14 1237.41 169.84 14 1 
0.78 05 18.09 62.21 2.10 1242.81 188.93 15 1 
0.48 02 18.60 62.37 2.14 1190.33 178.00 16 1 
1.11 12 17.49 65.67 2.71 1131.88 182.25 17 1 
0.60 03 16.54 68.96 2.66 0968.51 187.22 18 1 
0.00 00 15.84 72.90 1.78 0700.90 183.72 19 L 
0.00 00 14.44 79.07 1.32 0263.65 177.32 20 1 
0.00 00 13.87 81.89 1.11 0124.48 184.35 21 1 
0.00 00 13.01 86.44 1.32 0017.71 186.80 . 22 1 
0.00 00 12.56 88.80 0.93 0009.53 168.75 23 1 
0.00 00 10.57 89.69 0.80 0048.44 173.92 07 1 
0.00 00 11.11 86.07 1.42 0196.38 188.63 08 1 
0.00 00 11.58 80.26 1.66 0289.11 192.42 09 1 
0.00 00 12.41 75.09 2.13 0405.34 178.13 10 1 
0.00 00 13.22 97.04 1.67 0091.29 102.47 08 0 
0.30 01 13.99 96.82 1.52 0227.55 095.52 09 0 
0.60 03 14.60 96.21 1.73 0319.91 084.35 10 0 
0.00 00 15.19 92.79 1.69 0327.07 006.59 11 0 
0.48 02 15.22 92.14 1.76 0201.41 061.47 12 0 
0.60 03 15.01 94.01 1.22 0203.39 099.80 13 0 
0.60 03 15.53 93.57 1.70 0385.88 138.84 14 0 
0.78 05 16.31 88.32 2.09 0584.82 093.89 15 1 
1.28 18 17.15 83.09 2.47 0635.00 175.67 16 1 
0.60 03 17.44 82.25 2.41 0689.98 190.27 17 1 
0.00 00 16.46 87.48 1.79 0312.01 174.22 18 1 
0.48 02 16.39 85.90 1.04 0150.15 171.35 19 1 
0.95 08 16.69 82.14 1.19 . 	 0164.73 152.52 20 1 
0.70 04 16.06 81.63 1.35 0069.56 188.45 21 1 
0.60 03 15.26 84.80 1.41 (4017.32 180.97 22 1 
0.00 00 14.41 88.92 1.09 0009.13 164.87 23 1 
0.00 00 13.50 90.08 0.83 0085.07 086.55 07 0 
0.30 01 14.35 86.55 0.80 0210.30 079.82 08 0 
0.30 01 15.35 82.10 1.18 0385.86 139.40 09 0 
0.30 01 16.99 75.57 0.94 0575.83 135.10 10 1 
0.60 03 18.50 68.81 0.93 0225.2.8 065.39 09 1 
0.60 03 17.68 74.13 0.62 0149.24 144.95 10 1 
0.00 00 16.92 77.86 0.75 0117.79 . 169.15 11 1 
0.00 00 16.33 82.55 0.75 0057.98 171.65 12 1 
0.00 00 16.90 79.87 0.78 0104.55 152.90 13 . 	 1 
0.30 01 19.36 70.02 1.23 0589.09 051.50 14 1 
0.48 02. 21.48 64.86 1.86 0887.56 070.22 15 1 
0.48 02 21.04 66.46 1.12 0447.62 068.65 16 1 
0.70 04 22.26 63.66 0.92 0527.25 062.79 17 1 
0.48 02 21.69 65.15 0.93 0434.19 062.38 18 1 
0.85 06 22.12 62.67 0.68 0378.14 070.87 19 1 
0.85 06 21.43 68.85 0.45 0239.45 075.57 20 1 
0.00 00 18.37 87.37 0.68 0100.27 197.15 21 0 
0.30 01 16.03 91.43 1.11 0022.51 200.49 22 1 
0.00 00 14.27 96.11 0.99 0009.46 196.15 23 1 
0.00 00 14.47 97.41 0.58 0035.80 195.00 07 1 
0.00 00 15.32 98.12 0.49 0087.06 188.57 08 1 
0.00 00 16.05 97.04 0.42 0137.09 060.42 09 0 








































































0.00 00 12.47 98.28 0.78 0259.99 161.17 08 1 	1 
0.30 01 15.95 78.78 0.98 0666.02 091.53 09 1 1 
0.70 04 19.14 68.60 1.19 0938.86 092.39 10 1 	1 
0.48 02 22.12 60.02 1.46 1052.94 075.97 11 1 1 
1.08 11 23.21 57.33 1.65 1111.27 131.69 12 1 	1 
1.26 17 23.76 55.47 1.71 1127.75 172.12 13 1 1 
1.08 11 24.03 53.77 2.68 1148.85 198.30 14 1 	0 
1.11 12 23.47 54.81 3.08 1107.36 205.20 L5 1 0 
1.00 09 23.50 51.42 3.15 1044.69 195.77 16 1 	0 
0.78 05 23.09 51.88 3.04 0919.59 203.93 17 1 0 
0.30 01 22.03 54.45 3.85 0785.99 207.68 18 1 	0 
0.48 02 20.64 57.64 3.46 0528.48 198.20 19 1 0 
0.00 00 19.25 60.14 1.88 0249.05 153.02 20 1 	1 
0.00 00 17.19 66.47 1.43 0092.67 156.10 21 0 1 
0.00 00 14.54 74.59 1.58 0018.30 181.67 22 1 	0 
0.00 00 12.78 80.35 1.40 0009.58 178.35 23 1 0 
0.00 00 09.56 96.15 0.68 0147.89 143.94 07 0 	1 
0.00 00 13.49 83.57 0.55 0323.89 092.57 08 0 1 
0.00 00 15.69 74.25 0.88 0577.97 091.13 09 0 	1 
0.00 00 17.20 62.45 2.07 0866.53 183.60 10 1 0 
0.00 00 14.59 89.91 3.57 0459.18 208.67 09 1 	0 
0.00 00 14.70 88.47 4.57 0557.94 203.94 10 1 0 
0.00 00 15.57 83.73 4.23 0680.91 203.25 LL 1 	0 
0.30 01 16.48 78.06 4.33 0842.99 202.85 12 1 0 
0.00 00 17.34 72.60 4.46 1043.85 205.12 13 1 	0 
0.30 01 18.52 67.03 4.03 1165.84 200.90 14 1 0 
0.30 01 19.32 63.82 3.31 1166.41 194.87 15 1 	0 
0.00 00 19.53 61.61 2.76 1081.89 198.19 16 1 0 
0.00 00 18.37 64.95 2.55 0824.26 193.63 17 1 	0 
0.00 00 '16.93 67.89 2.56 0597.47 203.70 18 1 0 
0.00 00 17.00 67.67 2.26 0465.03 200.12 19 1 	0 
0.00 00 15.20 73.56 2.06 0243.18 198.62 20 1 (4 
0.00 00 13.81 78.59 1.58 0092.94 187.89 21 1 	0 
0.00 00 11.84 86.76 0.68 0016.50 168.47 22 1 1 
0.00 00 11.40 88.81 0.76 0009.36 167.05 23 1 	1 
0.00 00 13.06- 98.51 1.29 0015.54 158.50 07 1 1 
0.00 00 13.62 98.25 0.88 0031.22 144.63 08 1 	1 
0.00 00 14.22 99.68 0.99 0089.46 132.89 09 0 1 













The number of insects (n) and log(n+1) collected during the seasons 1983, 
1984 and 1985. 
1983 	 1984 	 1985 
Date 	n 	log (n+1) 	n 	log (n+1) 	n 	log (n+1) 
05-06 5 0.78 
06-06 3 0.60 
07-06 10 1.04 
08-06 10 1.04 
09-06 13 1.17 
10-06 2 0.48 
11-06 2 0.48 
12-06 0 0.00 
13-06 0 0.00 
14-06 3 0.60 
15-06 17 1.26 
16-06 28 1.46 
17-06 3 0.60 
18-06 17 1.26 
19-06 2 0.48 
20-06 12 1.11 7 0.90 
21-06 35 1.56 7 0.90 
22-06 17 1.26 0 0.00 
23-06 3 0.60 7 0.90 
24-06 20 1.32 2 0.48 
25-06 20 1.32 12 1.11 
26-06 9 1.00 13 1.15 
27-06 6 0.85 23 1.38 
28-06 6 0.85 26 1.43 
29-06 6 0.85 50 1.71 
30-06 71 1.86 60 1.78 2 0.48 
01-07 5 0.78 49 1.70 2 0.48 
02-07 0 0.00 132 2.12 3 0.60 
03-07 1 0.30 127 2.10 0 0.00 
04-07 1 0.30 453 2.66 18 1.28 
05-07 1 0.30 292 2.47 11 1.08 
06-07 84 1.93 625 2.80 7 0.90 
07-07 333 2.52 550 2.74 2 0.48 
08-07 751 2.86 300 2.48 2 0.48 
09-07 1201 3.08 173 2.24 0 0.00 
10-07 1220 3.09 LL7 2.07 0 0.00 
11-07 1032 3.01 12 1.11 0 0.00 
12-07 1050 3.02 74 1.88 0 0.00 
13-07 1068 3.03 50 1.71 8 0.95 
14-07 222 2.35 20 1.32 10 1.04 
15-07 78 1.90 59 1.78 2 0.48 
16-07 93 1.97 91 1.96 5 0.78 
17-07 25 1.41 120 2.08 0 0.00 
18-07 30 1.49 130 2.12 0 0.00 
19-07 24 1.40 128 2.11 0 0.00 
20-07 96 1.99 140 2.15 1 0.30 
21-07 95 1.98 124 2.10 8 0.95 
22-07 85 1.93 159 2.20 4 0.70 
23-07 105 2.03 196 2.29 4 0.70 
24-07 20 1.32 205 2.31 4 0.70 
25-07 35 1.56 186 2.27 24 1.40 
26-07 39 1.60 100 2.00 8 0.95 
27-07 2 0.48 10L 2.01 2 0.48 
28-07 10 1.04 22 1.36 19 1.30 
Vii 
29-07 9 1.00 18 1.28 20 1.32 
30-07 10 1.04 18 1.28 26 1.43 
31-07 7 0.90 8 0.95 0 0.00 
01-08 14 1.18 27 1.48 0 0.00 
02-08 5 0.78 8 0.95 0 0.00 
03-08 2 0.48 7 0.90 0 0.00 
04-08 12 1.11 9 1.00 0 0.00 
05-08 14 1.18 9 1.00 13 1.15 
06-08 10 1.04 10 1.04 19 1.30 
07-08 12 1.11 5 0.78 7 0.90 
08-08 16 1.23 3 0.60 1 0.30 
09-08 8 0.95 5 0.78 1 0.30 
10-08 4 0.70 5 0.78 1 0.30 
11-08 6 0.84 5 0.78 3 0.60 
12-08 4 0.70 5 0.78 4 0.70 
13-08 1 0.30 7 0.90 0 0.00 
14-08 1 0.30 2 0.48 0 0.00 
15-08 0 0.00 0 0.00 0 0.00 
16-08 0 0.00 2 0.48 0 0.00 
17-08 1 0.30 0 0.00 2 0.48 
18-08 0 0.00 0 0.00 1 0.30 
19-08 0 0.00 1 0.30 0 0.00 
20-08 0 0.00 2 0.48 0 0.00 
21-08 0 0.00 0 0.00 1 0.30 
22-08 0 0.00 0 0.00 0 0.00 
Viii 
Apendix 5 
List of meteorological data for the 1983 and 1984 seasons recorded on the 
AWS, and the observed conditions for the 1985 season. 
Date 	Il1umintion Humidity Temperature Wind speed Rain 
(MJ/m ) 	(%) 	( ,C) 	 (m/s) 	(mm) 
10-6-83 8.56 82 - 11.6 2.5 23.0 
16-6-83 6.30 93 11.4 0.5 3.0 
17-6-83 12.99 84 14.4 0.6 0.0 
18-6-83 25.40 84 15.7 0.9 0.0 
19-6-83 22.63 72 17.2 0.7 0.0 
20-6-83 21.64 58 18.9 1.2 0.0 
21-6-83 22.62 76 16.7 0.9 0.0 
22-6-83 7.87 84 13.3 0.7 1.0 
23-6-83 9.35 82 13.0 0.5 0.0 
24-6-83 16.27 80 12.0 0.9 0.5 
25-6-83 8.52 88 12.6 1.9 1.0 
26-6-83 20.65 76 11.8 1.7 0.0 
27-6-83 16.14 80 12.1 1.5 1.5 
28-6-83 6.00 92 11.4 1.3 12.0 
30-6-83 18.71 72 13.4 1.2 0.0 
01-7-83 5.08 92 12.2 2.2 24.0 
02-7-83 12.25 88 11.8 3.1 24.0 
03-7-83 3.96 93 11.9 1.3 2.0 
04-7-83 6.13 96 13.7 0.8 5.0 
05-7-83 7.88 92 15.6 0.9 6.5 
06-7-83 23.63 68 18.8 1.3 0.0 
07-7-83 16.46 80 18.6 0.5 0.0 
08-7-83 22.46 78 19.2 0.7 0.0 
09-7-83 23.38 68 21.2 0.7 0.0 
10-7-3 20.18 76 19.3 0.9 - 
14-7-83 6.31 88 14.4 1.5 2.5 
15-7-83 16.40 88 12.0 1.2 1.0 
16-7-83 20.12 76 14.7 0.8 0.0 
17-7-83 23.22 80 14.0 1.3 0.5 
18-7-83 15.21 76 Lt.4 L.0 0.0 
19-7-83 17.38 70 13.8 1.0 0.0 
20-7-83 10.51 84 14.0 0.8 0.0 
21-7-83 25.23 80 15.8 0.8 0.0 
22-7-83 22.50 72 L9.8 0.7 0.0 
23-7-83 11.79 76 19.4 0.8 0.0 
24-7-83 8.95 84 16.9 0.4 1.0 
25-7-83 9.23 88 16.9 0.5 0.5 
26-7-83 6.09 92 14.7 0.6 1.5 
27-7-83 18.21 82 14.5 1.2 1.0 
28-7-3 7.23 92 15.2 1.7 0.5 
29-7-83 13.27 84 13.6 1.2 1.5 
30-7-83 9.26 92 14.0 1.2 10.0 
31-7-83 21.16 80 12.7 1.3 0.0 
01-8-83 19.93 76 11.0 1.1 - 
02-8-83 15.82 68 11.9 1.2 2.5 
03-8-83 4.53 94 12.9 1.9 28.0 
04-8-83 12.25 88 13.3 1.0 0.0 
05-8-83 13.53 86 14.2 0.6 0.0 
06-8-83 9.84 88 16.1 0.8 0.0 
07-8-83 10.58 84 17.1 0.4 0.0 
08-8-83 18.25 80 17.1 0.6 0.0 
09-8-83 21.75 76 18.2 0.5 0.0 
10-8-83 18.73 76 16.0 0.9 0.0 
11-8-83 8.92 86 13.9 1.2 0.0 
12-8-83 18.10 68 14.2 1.7 0.0 
ix 
13-8-83 .18.34 84 14.1 1.1 0.0 
14-8-83 18.10 84 17.5 1.6 0.5 
15-8-83 7.82 93 13.4 1.2 14.0 
16-8-83 13.28 84 10.9 0.7 0.0 
17-8-83 9.46 86 16.2 0.9 L3.5 
18-8-83 3.44 96 16.1 0.6 1.5 
19-8-83 16.21 76 19.3 0.8 0.0 
20-8-83 11.72 76 19.1 1.2 0.0 
11-6-84 5.66 84 12.6 
12-6-84 6.16 88 
13-6-84 11.03 80 11.4 
14-6-84 13.68 72 11.3 
15-6-84 11.99 84 13.8 
16-6-84 14.83 80 15.4 
17-6-84 8.18 87 13.6 
18-6-84 3.55 94 13.8 
19-6-84 2.83 92 13.3 
20-6-84 8.17 88 11.0 
21-6-84 14.78 84 10.7 
22-6-84 14.84 76 10.5 
23-6-84 7.55 84 9.3 
24-6-84 4.90 88 11.9 
25-6-84 8.33 88 12.2 
26-6-84 11.00 88 12.2 
27-6-84 17.15 72 10.5 
28-6-84 23.80 68 10.9 
29-6-84 26.33 68 10.2 
30-6-84 25.11 70 11.5 
01-7-84 14.41 76 10.6 
02-7-84 26.38 64 11.8 
03-7-84 27.79 70 11.0 
04-7-84 23.58 72 12.4 
05-7-84 19.33 70 16.1 
06-7-84 9.93 84 15.1 
07-7-84 17.94 70 16.0 
08-7-84 20.65 56 20.5 
09-7-84 12.31 80 16.7 
10-7-84 11.03 84 14.9 
11-7-84 5.47 92 14.1 
12-7-84 9.74 88 14.0 
13-7-84 19.54 84 12.7 
14-7-84 13.08 84 12.1 
15-7-84 15.78 76 13.0 
16-7-84 12.86 80 13.9 
17-7-84 9.63 88 15.0 
18-7-84 23.74 80 16.1. 
19-7-84 23.27 80 16.0 
20-7-84 24.50 76 14.6 
21-7-84 23.50 74 13.4 
22-7-84 18.14 80 13.6 
23-7-84 21.19 76 14.9 
24-7-84 to 06-8-84 inclusive, data not available due 
07-8-84 9.72 82 12.7 
08-8-84. 9.36 84 14.2 
09-8-84 19.71 80 14.2 
10-8-84 21.25 80 14.8 
11-8-84 13.23 80 15.3 
12-8-84 11.50 82 15.6 
13-8-84 18.02 68 14.6 
14-8-84 14.25 76 11.4 












































































































16-8-84 14.73 84 13.7 0.4 0.0 
17-8-84 15.38 76 16.9 0.8 2.0 
18-8-84 4.38 96 16.7 0.4 8.0 
19-8-84 18.16 L6.9 0.9 0.0 
20-8-84 17.79 70 20.1 0.8 0.0 
21-8-84 16.80 72 19.9 0.8 0.0 
The PIWS was unavailable for the 1985 season. The observed conditions are 
recorded in the following table. 
Date 	-- 	 Weather 
30-6-85 wet a.m., sunny p.m. 
01-7-85 wet a.m., dry p.m. 
02-7-85 wet a.m., dry p.m. 
03-7-85 wet 
04-7-85 warm and humid 
05-7-85 overcast: 
06-7-85 overcast 






13-7-85 showers, some sun 






20-7-85 showers, overcast 
21-7-85 overcast a.m., 	sunny p.m. 
22-7-85 wet a.m., sunny p.m., very windy 
23-7-85 wet 
25-7-85 overcast a.m., warm p.m. 
26-7-85 • overcast 
27-7-85 wet 
28-7-85 overcast 







05-8-85 warm and sunny 
06-8-85 warm and sunny 
07-8-85 wet a.m., dry p.m. 
08-8-85 dry a.m., wet p.m., very windy 
09-8-85 dry a.m., wet p.m., very windy 
10-8-85 wet 









18-8-85 	 overcast 
19-8-85 wet 
20-8-85 	 overcast 
21-8-85 overcast 
